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ADVERTISEMENT 

OF TB£ AMSBXOAir EDITOR. 

The familiar and agreeable manner in which the ** Conyersations on Che- 
mistry" are written, renders this one of the most popular treatises on the 
subject which has ever appeared. The elegant and easy style also, in which 
the aathoress ha^ managed to convey scientmc instruction is peculiarly adap- 
ted to the object of the work. 

In some respects, however, the English edition may be (Considered as ob- 
jectionable. A book designed for the instruction of youth, ought, if possi- 
ble, to contain none but established principles. 

Known and allowed facts are always of much higher consequence than 
theoretical opinions. To youth, particularly, by a4vancing as truths, doc- 
trines which have arisen out of a theory not founded on demonstration, we 
run a chance of inculcating permanent error. 

In these respects we think that Mrs. Bryant has not been sufficiently guard- 
ed. The brilliant discoveries of Sir Humphrey Davy, and his known emi- 
nence as a Chemical Philosopher, seem in many instances to have ffiven his 
opinions an authority, which, in the mind of the writer, superseded further 
investigation. Indeed, inferences are sometimes drawn ih>m these opinioM 
which they hardly warrant. Under this view of the subject, a part of the 
notes is designed to guard the pupil against adopting opinions which he will 
find either contradicted, or merely examined by most chemical writers. In 
addition to this, I have made such explanations of the text as I thought would 
assist the pupil in understanding what he reads. 

In attempting to make this science popular, and of general utility, it is of 
great importance that the experiments come within the use of such instru- 
ments as are easily obtained. I have therefore given such directions on this 
subject, as my former experience as i^ lecturer, with a small apparatus, 
tauffht me to believe would be of service. 

The list of experiments was chiefly made up without referring to books : 
some few of them, however, are copied from Parke, Aecum, &c, 

REMARKS BY THE REV. MR. BLAKE. 

The questions, in the present edition, are placed at the bottom of the sev- 
eral pages to which they relate. This plan has been adopted in the Boston 
edition of Conversations on Natural Philosophy, and is become very popular. 
The advantages of it are too obvious to escape observation, and, of course, 
to need being particularized. It will be seen that the questions are more 
numerous than they were in the two first impressions from this copy. It 
may bo supposed by persons not acquainted with teaching, that they are too 
numerous, as some of them are repeated in various forms, and others are 
seemingly unimportant. But it is found necessary that scholars should be 
examined on every page, and upon nearly every paragraph, whether there is 
any thing very important or not. No small portion of learners will pass 
over without study, all in which they are not to be questioned. Hence what 
might be called a system of questions would be quite insufficient. 
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PREFACE. 

In venturing to offer to the public, and more particularly 
to the female sex, an Introduction to Chemistry, the author, 
herself a woman, conceives that some explanation may be 
required ; and she feels it the more necessary to apologize 
for the present undertaking, as her knowledge of the sub- 
ject is but recent, and as «he can have no real claims to the 
title of chemist. 

On attending for the first time experimental lectures, the 
author found it almost impossible to derive any clear or satis- 
factory information from the rapid demonstrations which are 
usually, and perhaps necessarily, crowded into popular cour- 
ses of this kind. But frequent opportunities having after- 
wards occurred of conversing with a friend on the subject of 
chemistry, and of repeating a variety of experiments, she be- 
came better acquainted with the principles of that science, 
and began to feel highly interested in its pursuits. It was 
then that she perceived, in attending the excellent lectures 
delivered at the Royal Institution, by the present Professor 
of Chemistry, the great advantage which her previous know- 
ledge of the subject, slight as it was, gave her over others 
who had not enjoyed the same means of private instruction. 
Every fact or experiment attracted her attention, and served 
to explain some theory to which she was not a total stranger ; 
and she had the gratification to find that the numerous and 
elegant illustrations, for which that school is so much dis- 
tinguished, seldom failed to produce on her mind the effect 
for which they were intended. 

Hence it was natural to infer, that familiar conversation 
was, in studies of this kind, a most useful auxiliary source of 
information ; and more especially to the female sex^ whose 
education is seldom calculated to prepare their minds for 
abstract ideas, or scientific language. 

As, however, there are but few women who have access 
to this mode of instruction ; and as the author was not ac- 
quainted with any book that could prove a substitute for it, 
she thought it might be useful for beginners, as well as sat- 
isfactory to herself, to trace the steps by which she had ac- 
quired her little stock of chemical knowledge, and to record, 
in the form of dialogue, those ideas which she had first de- 
rived from conversation. 

But to do this with sufficient method, and to fix upon a mode 
of arrangement, was an object of some difficulty. After much 
hesitation, and a degree of embarrassment, which, probably, 
the most competent chemical writers have often felt in com. 
"*on with the most superficial, a mode of division was adopt* 
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ed, which, though the most natural, does not always admit 
of being strictly pursued — ^it is that of treating first of the 
simplest bodies, and then gradually rising to the most intri- 
cate compounds. 

It is not the author's intention to enter into a minute vindi- 
cation of this plan. But whatever may be its advantages or 
inconveniences, the method adopted in this work is such, 
that a young pupil, who should only recur to it occasionally 
with a view to procure information on particular subjects, 
might often find it obscure or unsatisfactory ; for its various 
parts are so connected with each other as to form an unin- 
terrupted chain of facts and reasonings, which will appear 
sufiiciently clear and consistent to those only who may have 
patience to go through the whole work, or have previously 
devoted some attention to the subject. 

It will, no doubt, be observed, that in the course of these 
Conversations, remarks are often introduced, which appear 
much too acute for the young pupils, by whom they are sup- 
posed to be made. Of this fault the author is fully aware. 
But, in order to avoid it, it would have been necessary either 
to omit a variety of useful illustrations, or to submit to such 
minute explanations and frequent repetitions, as would have 
rendered the work tedious, and therefore less suited to its 
intended purpose. 

In writing these pages, the author was more than once 
checked in her progress, by the apprehension that such an 
attempt might be considered by some, either as unsuited to 
the ordinary pursuits of her sex, or ill-justified by her own 
imperfect knowledge of the subject. But, on the one hand, 
she felt encouraged by the establishment of those public in- 
sititutions, open to both sexes, for the dissemination of philo- 
sophical knowledge, which clearly prove that the general 
opinion no longer excludes woman from an acquaintance 
with the elements of science ; and, on the other, she flatter- 
ed herself, that whilst the impression made upon her mind, 
by the wonders of Nature, studied in this new point of view, 
were still fresh and strong, she might perhaps, succeed the 
better in communicating to others the sentiments she herself 
experienced. 

The reader will perceive, in perusing this work, that he is 
supposed to have previously acquired some slight knowledge 
of Natural Philosophy, a circumstance so desirable, that the 
author has, since the original publication of this work, been 
induced to offer to the public a small tract, entitled " Con- 
versations on Natural Philosophy," in which the most es- 
sential rudiments of that science are familiarly explained. 
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Of the Citculation of the Blood — Of the Functions of the Arteries, 
tile Veins, and the Heart — Of the Lungs— Effects of Respiration on 
the Blood. 

CONVERSATION XXVL 

ON ANIMAL heat; AND OF VARIOUS ANIMAL PRODUCTIONS. 311 . 

Of the Analogy of Combustion and Respiration — Animal Heat evol- 
ved in the Lungs — Animal Heat evolved in the Circulation — Heat 
produced by Fever— Perspiration— Heat produced by Exercise- 
Equal temperature of Animals at all Seasons — Power of the Ani- 
mal Body to resist the Effects of Heat-^Cold produced by Perspi- 
ration — Respiration of Fish and of Birds— Effects of Respiration on 
Muscular Strength.— -Of several Animal Products, viz. Milk, Butter, 
and Cheese ; Spermaceti ; Ambergris ; Wax ; Lac ; Silk ; Musk ; 
Civet ; Castor— Of the putrid Fermentation— Conclusion. 
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CONVERSATIONS 

ON 

OHBMXSTB.T. 

CONVERSATION I. 

ON THE GENEBA.L FSINCIPLES OF CHEMISTRY. 

Jffrs, B. As you have now acquired some elementary notions 
of Natural JPhilosophy, i am g'oiog to propose to you anotber 
branch of science, to which I am particularlv anxious that yoa 
should devote a share of your attention. This is Chemistry, 
which is so closely connected withjlTQatural Philosophy that the 
study of the one must be ineompletB without some knowledge of 
the other ; for^ is obvious thai we can derive but a very imper- 
fisct idea of bodies from the study of the general laws by which 
they are g^overoed, if we remain totally ig^oorant of their intimate 
naturer\ 

Caronne^ To confess the truth, Mrs. 6., I am not disposed to 
form a very favourable idea of chemistry, nor do I expect to derive 
inncfa entertainment from it. I prefer the sciences which exhibit 
nature on a erand scale, to those that are confined to the minntias 
of petty details. Can the studies which we have latelv pursued, 
<be i^eneral properties of matter, or the revolutions of tbe heaven- 
ly t^ies, be compared to the mixing up of a few insignificant 
drugs ? I grant, however, there may be some entertaining experi- 
ments in Chemistry, and should not dislike to try some of tbem t 
the distilling of lavender, for instance, or rose water 

JlirM, B, I rather imagine, my dear Caroline, that your want of 
taste for chemistry proceeds from the very limited idea yon eatef- 
tatn of its object. Tou confine the c^emist^s laboratory to the na^ 
TOW precinots of the apothecarjr*s and perfumer-s shops, whilst it is' 
■nbtervient to an immense vanety of other useful purposesu Bo- 
lides, my dear, chemistry is by no means confined to works of art, 
^atnre also has her laboratory, which is the universe, and there she 
it incessantly employed in chemical operatiom Tou are surprised, 
Caroline ; but 1 assure yoa, that the most wmderful and the most 



|. With what other studv is that of chemistry oloaely connected? 

t. Why is the »tudy of Natural Philosophy incomplete wiibont 
that of chemistry.' 

3. What does Mrs. B. consider a chemical laboratoiy^ in its voal 
eKtended signification ? 

% 
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tnteresting^ pbeoomeDa of natore, are almost kll of them prodaced 
by chemical powers. VVhat/Bergmao^in the iotroductioD to his 
history of chemistry, has saicNef this science, will give you a more 
just and enlarged ide^ of it. The kDowJ^dge of nature may be 
divided, he observesymto three period^J^he first is that in which 
the attention of men is occupied in learaing^he external foriQ^and 
characters of objects, and this is called JSTat'ural BistoryS^n the 
second, they consider the'effect of bodies acting on each^iner by 
their mechanical power, as their weight and motion, and this con- 
stitutes the science of J^'alural P^hilosophy,) The third period is 
that in which the properties and mutuaractfon of the elementary 
parts^f bodies are investigated. This last is the science o^^hem- 
fSTRYjand I have no doubt you will soon agree with me|i^hink- 
ing irthe most interesting. 

You may easily conceive, therefore, that without entering into 
the minute details of practical chemistry, a woman may obtain 
such a knowledge of the science as will not only, throw an interest 
on the common occurrences of life, but will enlarge the sphere of . 
her ideas, and render the contemplation of nature a source of de- 
lightful instruction. 

Caroline, If this is the case, I have certainly been much mista- 
ken in the notion I had formed of chemistry. I own that I thought 
it wa3 chiefly copfined toAhe knowledge and preparation of medi- 
cinesA V 

Jim. B. That is only a branch of Chemistry which is called 
Pharmacy, and though the study of it is, no doubt, of great im- 
portance (o the world at large, it belongs exclusively to profession- 
al men, and is therefore the last that I should advise you to pursue, 

Emily. But did not theVshemists formerly employ themselves io 
search of the philosppher's stone, or the secret of making gold .^ 

* The Alchymists had in view three great objects of diacovery, 
vhs. Ist.^he Elixir of health : by the use of which the lives of 
men might be protracled to any desirable length, or their mortality 
prevented. 2nd. The vmvertal solvent^ or a liquid which should 
dissolve every other substance. This, it was supposed, would iead 
to the grand discovery. 3rd. The making of gold^ or finding the 
philosopher' a ttoni^ That men of sound and discriminating minds 
on other subjects, should have spent their whole lives in pursuits so 
chimerical, is to us wonderful indeed. But our wonder ceases in 
■ some degree, when we are told that the doctrine of transmutation, 
Uc. was founded on a Hieory^ which, in the 12th century, was 
considered as plausible, as wo conskler many of onrsoat the pres- 
ent day, viz. /That a perfect metal consisted ofqukkdher and «ii/- 



4. To what author does Mrs. B. allude, in her introductory re- 
marks .' 

5. Into how many periods does Bergman divide the knowledge of 
nature ? 

6. What is the first? 

7. What is the second ? 

8. What is the third? 

9. What is that branch of chemistry called Pharmacv ? 

1 0. What three great ohjech had the Alchymists in view ? 
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Jtfrt. B./Tbese were a partteolar set of mis^ided j^hflDsophera j 
who dignified themselres with the Dame of Alcbjrmists/o distinguisn 
thetr pursuits from those of the commoo chemists, whose studies 
were confined to the knowledge of medicines^ 

Bat since that period, chemistry has undergone so complete a 
jreTolotiofl, that, from an obscure and mysterious art, it is now be- 
icoroe a regular and beautiful science, to which art is entirely sub- 
seryient. It is true, howeyer, that W^ are indebted to the alchj^- 
mists for many very useful discoveriest which sprung from their 
fruitless attempts to make gold, and which, undoubtedly, have pro^ 
▼ed of iefinitely greater advantage to mankind than ail their chi- 
«ierical pursuits. 

The modern chemists, instead of directing their ambition to the 
▼ain attempltpf producing any of the original substances in na- 
ture, ratherffim at analyzing and imitating her operations, and 
haye sometmies succeed^ in forming combinations, or effecting 
decompositions, no instances of which occur in the chemistry of 
r^ature^ They have little reason to regret their inability to make 

Sid, whilst, by their innumerable inyentions and discoyeries,phey 
ye so greatly stiniulated industry and facilitated labour, as l^rq- 
digiously to increaselbe luxBries as well as the necessaries of life^ 

Emily. ButI do not understand by what means chemistry can 
iacilitate labour ; is not that rather the province of the mechamc P 

,nirs. B, There are many ways by which labour may be render- 
ed more easy, independently of mechanics; but mechanical inven- 
tkms themselves often derive their utility from a chemical princi- 
ple. Thus that most wiHiderful of all machine8,/&e Steam-engine^ 
couldnever have been invented without the asnstance of chemifr/ 
try. fin agriculture, a chemical knowledge of the nature of soils, 
«Bd or vegetation, is highly usefiil ; and, in those arts which re- 
late to the comforts and conveniences of life, it would be endless to 
•nuinerate the adyantages which result from the stady of this sci- 
encej 

Caroline. Bat pray, tell us more precisely in what manner the 
diicovertes of chemists have proved so ben^cial to society ? 

phur ; these, when pure and united, formed gold. That all other 
metals contained a quantity of dross, which prevented the parti- 
cles of these two substances from uniting. If, therefore, this dross 
could be got rid of in the other metals, gold would be the resulfV— 
They believed also, that nature heiyelf favoured this operation:-^ 
Thus Friar Rog^er Bacon, in his M in^or of Alchymy, says, ** I must 
tell you, that nature alwaies intendeUi and striueth to the perfec- 
tion of gold; but many accideats comming between, change the 
nettaUs," &c. See his Book printed in 1597, chap. ii.^C. 



11. Who were formerly called Alchvmists ? 

12. Why did they assume this name r 

13. What is the object of modem chemistry ? 

14. Can chemistry a£Ebrd any assistance in manual lahor ? 

15. What are instances of it? 

16. How is chemistry serviceable m agriculture ? 

17. Whatopinioniitaidiniht n/$te^ to have prevailed inihel^h 
century inrelation to meUUtf 
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JIf r«. B, That would be an injudicious anticipation ; for you 
would nut comprehend Ihe nature of such discoveries and useful 
applications, as well as you will do hereafter. Without^ due re- 
l^rd to methd3) we cannot expect to make any progres^in chem* 
istry. I wish <o direct your observations chieny to the chemical 
operations of Nature ; but those of art are certainly of too high 
importance to pass unnoticed. We shall therefore allow them auo 
vome share of our attention. 

Ertiily, Well, then, let us now set to work regularly. I am very 
aozious to begin. 

^r» B. The object of chemistrjr is to obtain a knowledge of the 
intimate nature of bodies, and their mutual action on each oth- 
er. You find, therefore, Caroline, that this is no narrow or confin- 
ed science^ which comprehends every thing material within oar 
'sphere. 

Caroline* On the contrary, it must be inexhaustible ; and 1 am 
'at a loss to conceive how any proficiency can be made in a science 
whose objects are so numerous. 

^rs, a. Ifevery individual substance were formed of different 

materials, the study of chemistry would, indeed, be endless ; but 

you must observe ihat the various bodies in nature, are composed 

/oT certain elementary principles, which are not very numerous!) 

\ Caroline. Yes; 1 know that all bod ies/^e composed of fire^^ir, 

earth, and wateA I learnt that many y&rs ago. 

Jlfr* B» But you must now endeavour to forget it. I have al- 
ready informed you what a great change chemistry has undergone 
aince it has become a regular science. Within these thirty years 
especiallv, it has experienced an entire revolution, and it is now 
proved that neither fire, air, earth, nor water, can be called ele- 
tnentary bodies. ForijSEh elementary body is o[\e that has never 
been decomposed, that is to say, separated into other substance«^ 
and fire, air, earth, and water, are all of them susceptible of de^ 
composition. 

Emily. I thought that decomposing a body was dividing it into 
its minutest parts. And if so, I do not understand why an elemen- 
tary substance is not capable of being decomposed, as well as any 
other. 

J^rs. B. You have m {conceived the idea of dfcomposilinn ; it 
is very different from mere diviH(m. ^'he latter simply reduces a 
"body into parts, but the former separates it into the various ingre- 
dients, or materials, of which it is composed!^ Qf we were to take 
a loaf of bread, and separate the several in^iements of which it is 
made, the flour, the yeast, the salt, and the water, it would l>e very 
different from cutting or crumbling the loaf into pieces?\ 

Emily. I understand you now very well. To decompose a body 



18. To what does Mrs. B. say it is necessary to pay regard in the 
study of chemistry ? 

19. Of what are the various bodies in nature composed ? 

20. Of what was it formerly thought they were composed ? 

21. What IS an elementary body f 

29. What is the difference between division and decoropotition f 
23. What are instances of decomposition f 
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i8f6ise|Mii^tefrodi each other tfae^ariMueleAeiitapyittbiUtioes 
«f Which <ft consists. 

Carolint. But flour, water, and other matertais of bread, accord- 
iag to your defioilion, are not elemeDtary substances. 

Mts, B. No, my dear ; I ttientioned bread rather as a ftlmiiiar 
connparison, to illustrate the idea, ihati as an example. ^ 

fhie elemeDtary substances of which a body is composedy^i^ 
i^alled the constituent parts of that bodyjJn decomposing^'it, there- 
fore, #ie separate Its coostitaeiit paints. aR, od the contrary, We di- 
Tide a body by chopping it to pieces, or eyen by grinding or pound- 
ii^ it to the finest powder, each of these small particles will still 
consist of a portion of the several coastiUent parts of the whole 
body : these are called- the integraifU part^ do you undei%tand the 
difference ? 

Ennlif. Yes, I think perfectly. Wc deeompo$e a body into its 
tonilUueni ptLtU ; 9Sad ^wde it into itii integrant parts. 

J^re. B, Exactly so. tf, therefore, a body consists of only one 
kind of substance, though it may be dirided into its integrant parts, 
it IS ii0t possible to decompose it. Such bodies are, tberifore, 'call- 
^ dmple or .elentenimy,j$ they are the elements of which all other 
ijibdies are composed, ^on^aund "hodiee are such as consist of tfVoUe 
wijb onie of these eiemhntary principlesTV 

Caroline. Bnt do not fire, mr« earth, Imd water, consist, each df 
them, but of one kind of substance ? 

Mr*. B, No, my d§ar : they are every one of them sascepiiblc 
of being separated into vartona sim^ bodies. Instead of ibnr, 
chemists now reckon no less thanfmty-seven elementary silb- 
stanc^ The existence of most ofNheae is established by the 
clearen experiments ; but, in regfard to a few of them, particularly 
the most subtle a^nts of natare^^aoi, Mght^ and electriciiyMhere 
is yet much uncertainty, and I can only give you the opinioo^hich 
seems most probably deduced from the latest diicoveries. After 1 
have i^iven you a list of the elementary bodies, classed according 
to their properties, we shall proceed to examincj^ach of them sepa- 
Tatelj^ and then consider them in their comhinations with each 
otfaerTS T 

fiWept^he more general agents of nature, heat, t%ht, and elee- 
tricily, it would ieem t)iat the simple ^irm of ^lodies is that of a 
metal.* 

Caroline. Tou astonish me ! I thougfht the metals were enly one 

* No actual discovery makes ^^is probable. It is supposing that 
all the gases, as oxygen, hydrogen, &c., as well as phosphorus, sul- 
phui:, and carbon, and several other substances are in part com- 
Iposed df a metal, and yet not one among this nunrber are known to 
have metallic basea.'-'C. 



£4. What are the eontHHmni parts of a body ? 
9^ What are fnltgnml parts of a body ? • 

^^^. How may compOuBd bodies be defined^ 
4tt. How many elefnentaryeubstaoees are there^ 
^8. Concerning which three of them is there nH>ch uncertainty? 
29. How is it proposed to examioe'Sthese elenenta^ sob«tance%i> 
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claif of mioeralt, and that I bare were besides, earths, stones, rocks, 
acids, alkalies, vapours, fluids, aod the whole of the animal and 
Teretable kingdoms. 

ylfrjr. B. Teu have made a tolerably good enumeration, though I . 
fear .not arranged in the most scientific order. All these bodies, 
however, it is now strongly believed, may be ultimately resolved 
into metallic substances.* Your -surprise at this Circumstance is 
not singular, as the decomposition of some of them, which has been 
but lately accomplished, has excited the wonder of Qie whole philo- 
sophical world. 

But to return to the list of simole bodies — these being usually 
found in combination Iwith oxyg^enal shall class them according to 
their properties whenxso combined This will, I think, facilitate 
their future investigation. 

Emily. Pray, what is oxygen ? 

Mn. B. A simple body ; at least, one that is supposed to be sd, 
as it lias never been 4fcomposed. It is always found united/with 
the ne^tive electricity\ It will be one of the first of the elementa- 
ry bodies, whose, prope^ies 1 shall explain to you, and, as you will 
soon perceive, it is one of the most important in nature; but it 
would be irrelevant to enter upon this subject at present. We 
must now confine our attention to the enumeration and classifiisff 
tion of the simple bodies in general. They may be arrange as 
follows : 

CLASS I. 

^ 

Comprehending the imponderable agents^ "viz : 
{heat o& caloric, 

LIGHT, ^ 

SLBCTAICITTy 

CLASS H. 

Comprehending agents 4^qpahle of uniting with iMammabU 
bodies, and in most instances of effecting their cona^tion. 

foxyoEN, i 

chi.orinb, ' *^. 

iodine3 

**^hree of the alkalies only are known to have metallic base^ 

f A majority of the most learned Chemists, it is beliered, ba?^ 
doubted whether Chlorine and Iodine were supporters «f combat* 
lion, any ftirtber than tliey contain oxygen.* 



2M). With wtat are simple bodies usually found ip oombinatioo f 
31. With what are tliey always found united? 
Sft. Vf oich of the elemeniary sabstances are iodladed in 'the int 
das'.^ 
S3. What QMS does the saooAd class include ? 
34. What number of the aikaiies an kmmn to have metuUie btmtf 
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cxAss in. 

Comprehending bodies capable of uniting with oxygen^ and 
forming with it various compounds. This class may he 
divided as follows : 

TXPnSlOTX 1. 
/htdrooen, forming walcr.*N 

DIVISION 2. 

Bodies forming acids. 
^TTROOEN, . . . forming nitric acid. 
SULPHUR* . • • • forming sulphuric acid. 
PHOSPHORUS, • ^ forming phosphoric acid. 
CARBON, . ^ .. . . forming carbonic acid. 
BORAciuM, . . . yf/rmr'i)^ boracic acid. 
■FLUORiVM« . • . forming fluoric acid. 
M URiATiuM, . . . forming muriatic acic^ 

^ DIVISION 3. 

Metallic bodies forming alkalies. 
(Potassium, . . . forming potash. ** 

SODIUM. ... . . forming soda. 

AMMoniuM, . -. . /ormtn^ a mmoDia* 
xiTBiUM, . . . .forming lithina.'^ 



\ 



a>ivisiON 4. 



tt. MetalHc bodies forming earths. 
CALCfUM, or metal ftrm'tig lime. 
^ if AONfUM, .... forming magnesia. 

•^ BARit7M, formtng barytes, 

•' STRONTIUM, . . . /orm iig: strontiies. 

*'. siLiciuM, formfng sWex^ 

^ MhVMivWt .... forming aluroine. 

\. '¥i^TRiUM, . . . . . /orm ng- jttria. 
^OL^cruM, .... u forming glacial. 
ziRcoNjUM, .... forming zircoDi^ 
THOifiNuM, ... .. ./ormtn^^thoriDa.lS 

*kriitt fourth llkaK was di^overed by Mr. ArfundsoDj a Swediik 
-iflienist,' so recently -asHhe year 1K18. 

if* Of a^ these earths, three or foirr 'ooly hare as yet been dis- 
tinctly deeompos^. 

'J^Thor^, a n^w earth ais^rered bjBerzelius id 18i6, iam 
ttiBeral coroposecl of fluoaM|^kd>Geriam. 



irth di|^|eN 
ioa||fl^kd 

irth^Mdivif 



S5. What one makeBrth^nR^division of the third class ? 
^» Wliat flUes makbcthe second div^ion of the third class f 
^. What ones make the third diTtsioa of the third class i 
38« WJiat ones make the fourth division of the third class f. 
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to «ENBIlAt. AOKOIfCAS 

©rvtsroN-6. 

Meiah, either neUuraMy meUdUc, oryieli^i^f 4kor ^yfftn io 
^ carbmi or to heat aUmt, 

SUBDIVISION 1. 

MtdleabU Metals. 

^OliD, COPPER, 

PLUTINA, IRON, 

. PALLADIUM, LEAD, 

SILVER,* NICKEL, 

-MERCURY yf ZiNCi, v 

TIN, CADMIUM^ 

SI7SDIV. 2. 

BrUiU Metals. 

^SENIC, ANTflMONV, 

BISMUTH, MANaANESS, 

SELENIUM,'^ URANIUM, 

TELLURIUM, COLUMBIUM Of TANTALIUM, 

COBALT, IRIDIUM, ^ 

TUNCMTSN, OSMIQAIIv 

MOLYBDENUlf* RHODIUM, 

TITANIUM, «CSRIUM.|t 

CHROME, 



7M, 



* These first four metsils have commoDly beeo distinguished by 
the appellation of ,|>er/ee/ or noble metals, ^n acoouot >of their pos- 
sessing the characteristic properties of ouctilitv, mall^bility, in- 
alterability, and fteat specific grarit^, in cm eimnent degreelS 

f Mercurv, in its liquid state, cannot, of course, JMroalled annal- 
leable metal. But when frozen, it possesses a oonttderable degree 
af malleability. 

X A metal resembling tin ; which was discovered in ISIOyanan 
ore of zino, by Mr. Stromeyer. 

i Selenium was discovered a few years ago by Bei!zelins,'in the 
ferruginous pyrites of Fahlun, of Sweden. It has tbe«ietallic lus- 
tre, but it does not conduct electricity, and is but a bad conductor 
of caloric. It passes to the state of oxyde and acid, so that it might 
perhaps more strictly be classed with sulphur^ 'It 4nay be distin- 
guished by 'ihe smell of its vapour, which is that c^hor^ radish. 

g These ktst four or five metallic bodies are lUaced under this 
Class for the sake of arrangement, thougb some m their propjbrtiea 
have not been yet fully investigated. 



39. What ones make the fiv^^l^mM the fifth division in the 
third class? ^^Bf 

40. What ones make the seconSiJ||i of the fifth division in the 
second dass^ 

41. Wk^ have goM, plaiinay§faUadimii^ and iikne^ been eaUed ftr* 
fiet orniMt mettUi ^ 
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Caroline. Oh, what a formidable list ! you will have moch to do 
to explain it, IVIrs B. ; for 1 a<i8ureyou it is perfectly uniolAli^ible 
to tiie, and 1 think rather perplexes than assists me. 

Mrs. B. Do not let that alarm you, my dear ; I hope that here- 
after this classification will appear quite clear, and, so far from 
perplexing- you, will assist you in arranging your ideas. It would 
be in vain to attempt forming* a division that would appearperfect- 
)y clear to a beginner; for you may easily conceive thayJTchemi- 
iaX division being necessarily founded on properties with which 
you are almost wholly unacquainted, it is impossible that you should 
at once be able to understand its meaning or appreciate its ulilit^3 

But, before we proceed further, it will be necessary to give fmk. 
some idea of chemical attraction, a power on which the whole sci- 
eo^ depends. 

^Jhetnieal Jitiracf'erh or the AttracOon of CamposUion^ consists in 
the peculiar tcndenc}' vi<hich bodies of a different nature have to 
unite with each otherj It is by this force that all the compositioni, 
and decompositions itfe effected. 

Emily, What is. the difference between chemical attraction, and 
the attraction of cohesion, or of ag-g^egation, which you often men- 
tioned to Hs^in former conversations ? 

wMrs B.^rUe attraction of cohesion exists only between particles 
of the same nature, whether simple or compound ; thus it unites 
the particles of a piece of metal which is a simple substance, and 
likewise the particles of a loaf of bread which is a compound. The 
attraction of composition, on the contrary, unites and maintains, in 
a state of combination^ particles of a dissimi'ar nature^ it is this 
power that forms each of the compound particles of wfSich bread 
consists ; and it is by the attraction of cohesion that ail these par- 
ticles are connected into a single mass. 

Emily. The attraction of cohesion, then, is the power which 
unites the integrant particles of a body ; the attraction of compo- 
sition thai wliich combines the constituent particles. Is it not so.' 

Mrs. B. Precisely ; and observe that the attraction of cohesion 
unites particles of a similar nature, without changing their original 
properties ; the result of such an union, therefore, is a body of the 
tame kind as the particles of which it is formed ; whilst the attrac- 
tion of compoj^ition, by combining- particles of a dissimilar nature, 
produces compound bodies, quite different from any of their con- 
stituents. If for instance/Tpour on the piece of copper, contain- 
ed in this glass, some of Ihr^ liquid(which is called nitric acid,) for 
which it has a strono: attractiora/every particle of the copper will 
combine with a particle of acid7amd together they will^rm a new 
body, totally different from either the copper or the aci^ 



4^. Why do the divisions in chemical science appear unmeaning 
to the young student ? 

43. What is chemical attraction or the attraction of composition ? 

44. What is the difference between chemical attraction and the 
attraction of cohesion ? 

46. What is the experiment mentioned as illustrating chemical 
attraction ? 

46. What will be the result if copper and aitric acid ve put to- 
gether f 
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Do you observe the iaternal commotion that already begins to 
take place f It is produced b^ the combination of these two sub^ 
stances,* and yet the acid has in this case to overcome not only the 
resistance which the strong cohesion of tbeparticles of copper op* 
poses to their combination wiih it, but aIso(^ overcome the weight 
of the copper, which makes it sink to the bottom of the glass, and 
prevents the acid from having such free access to it as it would if 
•the metal were suspended in the liquid.^ 

Emily, The acid seems, however, to overcqme both these oh* 
stacles without difficulty, and appears to be very rapidly dissolving 
the copper. 

•Mrs, B, By this means it reduces the copper into more minute 
parts than could possibly be done by any mechanical power. But 
as the acid^n act only on the sur'face of the metal, it will j|5 some 
time before^he union of these two bodies will be completed^ 

You may, however, already see how totally different this com- 
pound is from either of its ingredients. It is neither colourless, 
like the acid, nor hard, heavy, and yellow Hke the copper. If ycm 
tasted it, you would no longer perceive the sourness of the acid. 
It has at presenfe^tLe appearance of a blue liquid\ but when the 
union is complete, and the water with which the -acid is diluted, is 
evaporated, the compound will assume the form of regular crystals 
of a fine blue colour, and perfectly transparent.! Of these 1 can 
show you a specimen, as I have prepared some for that purpose. 

CaroHru, How beautiful they are, in color, form, and transpa- 
rency ! 

' Emily. Nothing can be more striking than this example of chem- 
ical attraction. 

Mrs. 8. The term atlraclion has been lately introduced into 
chemistry as a substitute for the word/^nilj/^io which some chem- 
ists have objected/because it originated in (ne vague notion that 
-chemical combinations depended upon a certain resemblance, 
or relationship, between particles that are disposed to unite^ and 

* This hardly explains the process. A part of the oxygen of the 
nitric acid unites with the copper; and in consequence ofthis loss 
of oxygen, the nitric acid is converted into nilroui gcu. /it is the 
escape of this ffas through the water as it is formed that occasions 
the commotion^-C. 

t These crystals are more easily obtained from a mixture of sul- 
phuric with a little nitric acid. | 

I These crystals are mlphat of copper , or what is commonly known 
under the name of blue vitriol, — C. 



47. What has the acid in this experiment to overcome ? 

48. On what part of a metal can the add operate in this experi- 
ment? 

49. What is the appearance of the compound substance thus for- 
med of copper and nitric acid ? ■ 

50. In the place of what term has chemical attraction been sub- 
itituted ? 

51. What ittaid in the note to produce the commotion when topper 
jtni nitric add arepxU tocher f 

5?« What was the objection to the term affinity? 

Digitized by LjOOQ IC 



OF CBBiatTBT. 3t 

ibis idea it not osly imperfect, bat erroneoos, as it is generally 
particles of the most dissimilar nature, that have the greatest ten- 
deocy to combtne. 

Caroline. Besides there seems to be do ad?antage in using a va- 
riety of terms to express the same meaning; on the contrary, it 
creates coafasioo ; and as we are well acquainted with the term At- 
traction in natural philosophy, we had better adopt it in chemistry 
likewise. 

Jdrt, B. If you have a clear idea of the meaning, I shall leave 
you at liberty to express it in the terms you prefer. For myself, 
1 confess that I thirtk the word Attraction best suited to the gen- 
eral law that unites the integrant particles of bodies ; and Affinity 
better adapted to that which combines the constituent particlesTVs 
it may convey an idea of the preference which some bodies have 
for others, which the term aUraeHon tf eomponiion does not so well 
expressr\ 

EmUy, So I think ; for though that preference may pot result 
from any relationship, or similitude, between the particles (as you 
say was once supposed,) yet as it really exists, it ought to be ex- 
pressed. 

JUrs. B. Well, let it be agreed that you may use the terms qfin- 
t^, chemical aitraetiwi^ and [attraction qf eon^iilion^ indifferently, 
provided you recollect that they have all the same meaning. 

Emilif. I do not conceive how bodies can be decomposed by 
chemical attraction. That this power should be the means of com- 
posing them is very obvious ; but that it should at the same time, 
produce exactly the contrary effect, appears to me very singular. 
Mrs. B. To decompose a body is, you know, to separate its con- 
stituent parts, which, as we have just observed,i(faiiDot be done by 
mechanical meansIH 

Kmity. ^o ; be<5ause mechanical means separate only the iote- 
grant particles ; they act merely against the attraction of cohesion, 
and only divide a compound into smaller parts. ^^ 

Jtfnt^. The decompositioo of a body is perforraedy^ chemical 
powenN If you present to a body composed of two principles, a 
third, w4icb has a greater affinity for one of them than the twio 
fiiirt have for each other, it will be decomposed, that is, its two prin- 
ciples will be separated by means of the third body, ^^et us call 
two ingredients, of which the body is composed, A. ana B« If we 

S resent to it another ingredient C, which has a greater affinity for 
\ than that which unites A and B, it necessarily follows that E wiH 
quit A to combine with C. The new ingredient, therefore, has ef*- 
tected a decomposition of the original body A B lA, has been left 
alone, and a new compound B C, nas been formedA 

jSim/y. We might, I think, «se the comparison of two friends, 
i^o were very happy in each other's society, UU a third disunited 
them by the pseference which one of them g^an to the new comer. 



63. WTiy does Mrs. B. prefer the terra affinity ? 

54. By what means cannot decomposition be effected ? 

65. How can a compound body be decomposed ? 

66. What illustration is given of the manner of decomposiog m 
body? 
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Jlfff. B. Very well. I shall now show you how this takes place 
in chemistry. 

X,et us suppose that we wish to decompose the compound we bare 
jn8t formed by the combination of the tv70 ir>^redients, copper ajpd 
nitric acid ; we may do this/by presenting^ to it a piece qf icomnor 
which the acid has a stronger attraction than for coppers /he^id 
will, consequently, quit the copper to combine with t!i€ iron, and 
the copper will be what the chemists call pree pitated^ that is to say, 
it will be thrown down in its separate state, and re-appear in its 
simple fornu\ 

In order to produce this effect, I shall dip the blade of this knife 
into the fluid, and when 1 take it out, you will observe that instead 
of being wetted with a bluish liquid, like that contained in the g'lass, 
it will be covered with a thin coat of copper. 

Caroline. So it is really ! but then is it not the copper, instead 
of the acid, that has combined with the iron blade? ^^ 

Jdrs. B. No ; jrou are deceived by appearances ;Qt is the acid 
which combines with the iron, and in so doing, deposit^s or precip- 
itates the copper on the surface of the blade!S 

Emily. But cannot three or more substan^ combine together, 
without anvof them beings precipitated ? 

J^rs. B. /That is sometimes the case ; but, in general, the stronger 
affinity desfroys the weakel^ and it seldom happens that the at- 
traction of several snbstan^for each other is so equally balanced 
as to produce such complicated compounds.^ 

Caroline^ But pray, Ivirs. B., what is the cause of the chemical 
attraction of bodies for each other ? It appears to me more extraor- 
dinary or unnatural, if I may use the expression, than the attraction - 
of cohesion, which unites particles of a similar nature. 

Mn J?./Chemical attractionVnay, like that of cohesion or grav- 
itation, be^ne of the powersnnberent in matter, which, in our 
present state of knowledge, admits of no other satisfactory explan- 
ation than an immediate reference to a divine cause. Sir H. Da- 
Ty, however, whose important discoveries have opened such im- 
proved views in chemistry, has suggested an hypothesis which may 

* Such compounds are quite numerous. They are called ^n^^ls 
•altsjk Alum is one. It is composed of alumine, potash anch sul* 
phuHekcid. Tartar Em^c is another. It is composed of tartaric 
acid, potash and antimony^ '" 



67. How can the substance ibrroed of copper and nitric acid be 
decomposed ? 

68. Why will decomposition take i^ace on the ap|4icatioa of iron ? 

69. What is predpilalion ? 

00. If it is the Ibid which combines with the iron, why is the 
Iron covered with a thin coat of copper in this experiment r 

61. Do more than two simple substances ever unite in forming 
the same compound ? 

69. What are nteh compotmds eaUed ? 

63. Wliat are inHaneetqf them? 

64. What is one of the powers in addition to those mentioned bj 
philosophers which may be considered at inherent in bodies ? 
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^■ow gnreat lig^t apoa {bat s^noe. He supposes that there are 
o kiDds or electricity\nr»ih one or other of which all bodies are 
ited. Tliese we distiitguish by the name« offfiuilhe and nega- 
.<«9e electpcitj^ those bodies are disposed to combine, which pos* 
.aess opposite Electricities, as they are brought together by tite at- 
..tcactioD .which th^e electricities have for each other. But, whether 
this hypothesis be altogether founded on truth or not, it is impossU 
ble to question the great influence of ^ectricitnin chemical com- 
-iMDatioos. ^ / 

Emily. Soy that we must suppose that the two electricities al- 
ways attract each other, and thus compel the bodies in which they 
exist to combine r* 

Caroline, And may not this be alsa the cause of the attractioo 
of cohesion ? 

Mrs, B. No, for in particles of the same nature the same elec- 
tricities must prevail, and it is only the different or opposite elec- 
tric fluids that attract each other. 

CaroHne, These electricities seem to me to be a kind of chemi> 
cal spirit, which animates Ihe particles of bodies, and draws thetn 
toerether. 

f!mily. If it isvjinown, then, with which of the electricities 
bodies are united, it caa be inferred which will, and which will 
^Dot, co;nbine together ? 

Mrs.B, Certainly.— I shouldjaot omit to mention, that some 
^vbits. have been entertained^whether electricity be re^jly a ma- 
jterial agent, or whet^r it mignVtiot be a power inherent in bo^^es, 
similar to, or perhaps identical with, attraction^ 

^M* There see»is-to.be aqobjectioo io this theory as explained here. 
Wheo iwoioifieBj, one in the positive, the other in .the negative 
\|ate of electricity are presented to each other, a mutual attraction 
takes place, until they touch, or come within the striking distance, 
■o that the electric fluid can pass from the posiliye to^the negative 
jKidy^. When this is :efleGted, 4hey are said to be .in a ^tate of equi- 
lilMrram, or in the same state of qjectricity, and,. consequently nei- 
ther attract, nor repel eiich other^ If^ therefore, chemical attrM- 
tMNH depends on the different elf^rical states pf the particles, ff9 
are ttill at i loft bow to account for tlieir adhedion eren after tbej 
are nDtted.YThe. celebrated Kepler aiscopnted for the affinitjr of 
particles b^ jbpposing each to have its Ijkingt and its aptipatmet, 
and the pow^r of choosing accordingly J This theory only waots 
oar belief to make it satisfoctory. — C. '^ 



^ ^$&. How maoT kinds of electricity are there, and what are they 

galled? 

'66. Wh^t does Mrs. B. tbii|k has a great influence in effectiiif 
chemical combinations ? 
.^. WkiUu.midofeUfi^ieU^inthefute? 

68. What difficulty' arises if we suppose chemical attractkN^ |o 
depend npon the difl<vent electrical states of the partifslesl' 

69. How does Kepler upconnt for the aflinity ofDak-ticles ? 

70. What doubts does Mrs. B. mention as k^iinDg^beea entep^ 
tMtte4 «of»qj|;piDg ^trteity ? '* '" 

o 
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Emil$f. But what, then, would be the electric spark wfaiofa is 
visible, and mast, therefore, be really material ? 

jMrjLB, What we call the electric spark, maj, Sir H. Dary 
says,^ merely the beat and light, or fire produced by the chemical 
comUniatioDs with which these pbeDomena are always connectCM 
We will not, howeyer, enter more fully on this important subj^sfT 
at present, but reserve the principal facts which relate to it to a 
future conversation. 

Before we part, however, I must recommend you to fix in your 
memory the names of the simple bodies, agpainst our next interview. 



CONVERSATION U. 

ON LIGHT AND HBAT, OS CALORIC 

CaroHne. We have learned by heart the names of all the simple 
bodies which you have enumerated, and we are now ready to enter 
on the examination of each of them successively. Tou will begin, 
I suppose, with light f 

Mrs. B. Respecting the nature of light we have littlemore than 
conjectures. It is considered by most philosophers a/arc»l sub- 
stance iromediatel V emanating from the sun, and firom m luminous 
bodies, from which it is projected in right lines with prodlgfiout re- 
looit^ Light, however, being imponderable, it cannot be confined 
and eraimined by Hself ; and, therefore, it is to the efiects it pro- 
jduces on other bodies, rather than to its immediate nature, that we 
must direct our attention. ^ 

rrtoe connexion between light and heat is very obvieus^tndeed, 
itNs such, that it is extremely difficult to examine the (me inde- 
pendently of the other. 

^Emify. But, is it possible to separate light from heat f 1 thought 
thev were only different degj'ees of the same thine, fire. 

Mrs. B, I told you that fire was not now considered as a simple 
element. Whether light and heat be altogether different ag^ts, or 
not, I cannot pretend to decide ; butnn many cases, lig^t may be 
separated from heatA The first discovery of this was made oj^' 
-^celebrated Swedish ^^lemist, Scheele!/S Another very striking ilHn- 
* trMion of the separation of heat and' light was long after pointed 
out by Dr. Herschell. This philosopher discovered that these two 
agents were emitted in the rays of tbe sun, and the heat was less 

71. If electricity is a power inherent in bodies, whst would tbe 
' electric-spark be which is visible, and therefore, must be really 
material? 
<72.' ' What do most philosophers consider light ? 

73. With what is light obvieusly connected ? 

74. Can light and heat be separated f 

75. Who first discovered that they .are not inseparably cooBoet- 
v/!ed? 
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refransrible ^n Ji^ht ^r, in 8«|mratiii|r ^^e cUfiereDt cokmred 
rajs of lig^livDy a prism^as we did some time a^) be found that 
tJie i^alest Seat iraa befoiid the spectrum^ at a litUe distance from 
tlie red rajs, which, yoa may recollect, are the least refrangible. 

Evdhf. I should liKe (o try that ejcperiment. 

JIfrr. J9. It is by no means an easy one : the heat of a rav of 
Ugbt, refracted by a prison is so small, that it requires a rery deli- 
eate thermometer to^dfistinguisb the difference of the deg^ree of heat 
within and without >tfae spectrum. For in this experiment, the heat 
is not totally separated from the lig^ht, each coloured ray retaining 
a certain portion of it, though the greatest part is not sufficiently 
Kfracted ta fall within the sp^lxj^m. 

Emily. I suppose, then, thal^ose coloured rays which are the 
Iteit refraDgible^tain the greatest quantity of heat f 

Mtm. B. Th^ do so. 

EmUy. Though I no longer doubt that lig^t and heat can be 
separated. Dr. Herscbell's ezperiraent does not appear to me to 
aflbrd sufficient proof that they are essentially different ; for light, 
wbMsh you call a simple body, may likewise be divided into the 
▼arions coloured ravs. 

Mrs, B» No doubt there must be some difference in. the various 
coloured rays. Eren their chemical powers are different. The 
blue rays for instance, have the greatest effect in separating oxy- 
8^ from bodiesS as was found by Sebeele ; and tnere exists also, 
as Dr. WcUastov has shown, rays more refransible than the blue, 
which produce the same chemical effect, 'and, what is very re- 
markable, are invisible.* 

Emily, Do you think it possible that heat may be merely a modi- 
fication of light .^ 

JIfrt. B. That is a supposition which, in the present state of 
natural phHosophy, can neither be positively affirmed nor denied. 
Let us, therefore, instead of discussing theoretical points, be con- 
tented with examining what is known respecting the chemical 
effiMts of light. 

/Light is capable of entering into a kind of transitorvunion with 
cortain substances!) and this is what has been called Mosphores- 
oenc^ Bodies thA are possessed of this property, afte^^mg ex- 
pose^Ro the sun*s ravs, appear lumiAous m the dark. iThe shells 
of fish, the bones of land^imals, marble, limestone, ancKi variety 

of combinations of eartbs\are more or less powerfully phosphores- 
cent -^ 

* The violet rays have the power/? imparting the magnetic vir- 

76. How can they be separated ? 

T7. Which of the coloured rays refracted by a prism, retain the 
greatest quantity of heat ? 

78. What effect have the blue rays on bodies ? 

79. WhatjpWBer have the violet rays at meniianed in the note ? 

80. In what doe$ the process consist ? 

81. Is light capable of a union with other substances ? 

82. What is this union called ? 

83. With what substances does this union mostly take place, in 
the production of phosphorescence ? 
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Caroline. I remember being much surprised last summer iri(b 
the phosphorescent appearance of some pieces of rotten woody - 
which had just been dug- out of the ground ; they shone so brigbf 
that I at first supposed them to be^ow-wocms. 

Emily, And is not the lig^bt ofra glow-woraTVf a* pbospfaorei^- 
cent nature? ,^ ^ 

J^lrs. B. It is a yerj* remarkable instance of phosphorescence in' 
liying* animals ; this property, however, is not ezclusively possess- 
ed by the glow-worm. The insect called the lanthorn-fly, which 
is peculiar to warm climates, emits light as it flies, producing* iq- 
tbe dark a remarkably sparkling appearance. But it is more com- 
mon to see animal matter m a dead state possessed of a phosphores- 
cent quality ; sea fish is often eminently so.* 

Emily, I am rat her Surprised, Mrs. B., that you should bare said 
io much of the light emitted by phosphorescent brxlies, without 
taking any notice of that which is produced by burning bodies. 

Jilra B. The lig^ht emitted by the latter is so intimately connect- 
ed with' the chemical history of combustion, that I must defer all 
explanation of it till we come to the examination of that process, 
which is one of the most mteresting in chemical science. 

Emily, 1 hav6 heard that the sea has sometimes had the appear- 
ance of being illuminated, and that the light is supposed to proceed 
from the spawn of fishes floating on its surface. 

Mrs, B, This light is probably owing to that or some other ani- 
mal matter. Sea water has been observed to become luminom 
from the substance of a fresh herring having been immersed in it ; 
and certain insects, of the Medusa kind, are known to produce 
similar effects. ' ^ 

But the strongest phosphorescence^ produced by chemical com- 
positions prepared for the purpose, the most common of which con- 
sists ^ oy^e^-sheiriatid sulphur, and is known by the name of 
Canton's iPhosphoruSf 

tue to steel J The process consists /Jn intercepting all the rays ex- 
cept this, aitSof thiotpving this, beinft^first collected into a focus by 
a lens, 06 the nViddle of a needle, and carryin)^ it towards the ex- 
tremity?^ This is to he done many times, and always towards the 
same extremity. After a while the needle acquires^^arity — C. 

* The phosphorescence of dead animals is owingfto the escape of 
phosphorus in the form of phosphoretled fiydrogenj^hi^ is set free 
from its combination with the substance of the ammalmy the putre- 
factive fermentationV-C. ^ 

f To prepare tliis/mix three parts of ovster-shells calcined for an 
hour and pulverize<rwith one part of sulphur. This is to be rammed 
into a crucible, which is to be kept at a red heat for one hour. On 



84. What remarkable instances of phosphorescence in living ani- 
mals are mentioned ? 

85- To what is the pkosphoreseenee of dead animals owiftg ? 

86. How is it freed from its eombinatijon witit, the subsidnee of th» 
anim'l ? 

87 What is the strongest phosphorescence^ or ^ow is it pro- 
duced ? 

88. How it this substance prepared, ^ 
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^^ Light 18 ao agent capable of produciDg yarioos chei^ical chan^^es. 
Qt i» essential to the welfare both of the animal and regetable king^- 
doms ; for men and plants grow pale and sickly if deprived of its 
salatar]^ influence!) It is likewise remarkable for ils property of 
destroying colonT^ which renders it of great consequence in the 
process of bleaching. ^ 

JEmiljf. Is it not smgular that/lightNwhich in studying optics we 
were taught to consider as the sourcertmd origin of colours, should 
have also the power of destroying them P 

Caroline- It is a fact, however, which we every day experience ; 
you know how it fades the colours of linens and silks. 

Emily. Certainly. And 1 recollect that endive is made to g^ow 
white instead of green, by being covered up so as to exclude the 
light. Bat bv wmit means does light produce these effects ? 

Jtfrt. B. This I cannot attempt to explain to you until'^ou have 
obtained a further knowledge of chemistry. As the chemical pro- 
perties of light can be accounted for only in their reference to com- 
pound bodies, it would be useless to detain you any longer on this 
subject ; we ma^, therefore, pass on to the examination of heat, or 
caloric, with which we are somewhat better acauaiigied. 

Hkat and Light may be always distinguisbefV^y the different 
sensations they produce. Ldghi effects the sense of sight ; Calorie 
that of feeling ; the one produces FinoA, the other the sensation of 
HeatJ 

CsLionc is found lo exist in a variety of forms or modifications, 
and I think it will be best to consider it under the two following * 
bead Ji^viz : 

1. ^BBE OR RADIANT CALORIC. 

2. COMBIirsn CALORIC^ 

The first/rREE or radiant caloric, is also called heat of 
TXBfPBRATuRE ; it comprchends all heat which is perceptible to 
the senses, and affects the thermometer^ 

Emily. You mean, such as the heat orthe sun, of fire, of candles, 
of stoves ; in short, of ererj thing that bums ? 

Jir». B. And likewise ot things that do not burn, as, for instance, 
the warmth of the body ; in a word, all heat that is tentibh^ what* 
ever maT be its degree, or the source from which it is derived. 
. Carohne. What, then, are the other modifications of caloric ? It 



exposing some of this to the sun*eLrays, it absorbs light, and will 
in the dark?\ This shows fthat light can be separated from 



beat>C. 



89. Whai does Ihit experimmi prove ? 

90. To what is light essential, and what remarkable property 
has it ? 

91. What do optics teach us to consider the source and origin of 
cokHirs? 

92. How may light and heat always be distinguished f 

93. Under what two heads is caloric considered ? 

3* 



Digitized byV^OOQlC 



Zff FSBB CALOKIO. 

must be a strange kibd^ of heat thatcaDoot be perceirea bj oor 
senses. 

Jlrt. B, None of the modifications of cjloric should properly be 
called Aea/; for heat, strictly^eakiog*,^ tlie sensation prodoced 
by caloric, on animated bodiesj this vrora, therefore, ih the accu- 
rate language of science, shooid be confined to erpress the sensa- 
tion. But custom has adapted it likewise, to inanimate matter, and 
we say the heat of an oven, the heat of the sun, without any reference 
to the sensation which they are capable of exciting. 

It was in order to avoid the confusion, which arose from thus don- 
founding* the cause and efiect, that modern chemists adopted the 
new woird^i/oric, to denote the principle which produces heat ; yet 
they do ndt always, in compliance with their owu language, limit 
the word heat to the expression of the' sensation^ since they still 
frequently employ it in reference tj the other moaifications of ca- 
loric which are quite independent of sensation * 

CaroUnii But you have not yet explained to us what these other 
modifications of caloric are. 

J^rt, //. Because you are not acquainted with the properties of 
free caloric, and foik know that we have agreed to proceed with 
regularity. 

One of the most remarkable properties of free caloric iJMts power 
c^ dilating bodies^ t'his fiuid is so extremely subtle, thafSt enters 
and pervades all iTodies whatever, forces itself between their parti- 
•cles, and not only separates them, but frequently drives them asun- 
der to a considerable distand^ from each other. It is thqs that 
caloric dilates or expands a body so as to make it occupy a gT-eater 
space than it did before. 

EmHy. The effect it has on bodies, therefore, is directly contrary 
to that of the attraction of cohesion ; the one draws the particles 
together, the other drives them asunder. 

Jlfr#. B. Precisely. There is a continual struggle bietweeniffEo 
attraction of aggregation, and the expansive^wer of caloncS 
and/Pom the action of these two opposite forces^ result all the va^ 
rioiJs forms of matter, or degrees or consistence^ from the solid to 
th^ liquid and aeriform state. And, accordingly, we find that most 
bodies cir0 capable of passing from one of these forms to the other. 



*m 1, touch a body at a higher temperature than my hand, I im* 
meofatelv receive a quantity of caloric from it, and at the sama 
instant reel the sensation called heat. The caloric then is the 
cause ofthis sensation, and heat the effect of caloric passing into 
jny hilnd?yc. 

^; What Is free or radiant caloric ? 
15. What is heat, strictly speaking ? 

96. Whai is the diflerence between caloric and heat, at the tenni 
are used by. chemists ? 

97. What iUuttraiioh ojtlhii U given in the note t 

M. What it Ode Of th($ most remarkable propfcHiet of free o»» 

99. What two forces ,af^ in direct opposition to eooh other ? 

100. From what result all the yarioot forms of matter» or degrMH 
of cootistence in bodiea \ r^^^^^u 
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ttlerelyQa eonseqaence of tbeir receiying different quanlitiet of 
caloricT] 

Caroling, That fe very c^rfdus ; but I think I understand the 
reason of it. /TT a great quantity of caloric is added tea solid body, 
it introduces rtself betwreen the particles in such a manner as to 
OFercome, in a considerable degree, the attraction of cuhesion ; 
and the body, from a solid, is then converted into a fluids 

Jirg, B. This is the case whenever a body is fused or itlllted ; but 
if you add caloric to a liquid,can ^ou tell me what is tlie consequence? 

Caroiine.rt\\e caloric forces itself in greater abundance between 
the particles of the fluid, and drives them to such a distance from 
each other, that their attraction of aggregatign is wholly destroy* 
ed ; the liquid is then transformed into vapouA 

Mrg. JB. V|»ry well ; and this is precisely (ne case with boiling 
water, whenm is converted into steam or vapoaf^and with ail bod> 
ies that assume an aeriform state. ^ 

Emily, 1 do not well understand the word aeriform. 

Jdrt. B. ^ny elastic fluid whatever: whether it be merely va- 
pour or permanent air, is called aeriform^ 

But each of these various slates, solid, liquid, and aeriform, ad* 
mit of different j^rees of density, or consistence, still arising 
(chiefly at least )Mrom the different quantities of caloric the bodies 
contaioV Solids are of various degrees of density, from that of 
gold, t<r that of a thin jelly. Liquids, from the consistence of melt- 
ed cine, or melted metals, to that of ^then which is the lightest of 
ill liquids. The different elastic fluMs (with which vou are not yet 
acquai^edVare susceptible Of oo less variety in their degrees of 
densityj ^ 

Emitg. But does not everv individual body also admit of differeni 
degrees of consistence, without changing its state ? 

Jtfr«. S.yfTndoubtedln( and this I can immediately show you bj 
a very sim^e experimeiK. Qiiis piece of iron now exactly fits the 
frame, or ring, made to receive it; but if heated red hot, it will no 
longer do so, for its dimensions will be so much increased by the 
caloric that has penetrated into it, that it will be much too large 
for the fram^ 

The iron i/now red hot ; by applying it to the frame, we shall 
see how much it is dilated. 
EvMJty. Considerabl;^ so indeed ! 1 knew that heat had this effect 

on bodies, but did not imagine that it could be made so conspicuous. 



101. What causes bodies td pass from one of these forms to the 
other? 

102. li<»w would you etpl^jn the manner in which a sdid is oo»* 
terted into a liquid f 

103. if we add caloric td a liquid, what is the consequeDce f 

104. What is meant by the word aeriform ? 

105. From what do the differedt degrees of density or contift* 
ence arise? 

106. Which is the light^t of all liquids ? 

107. Are the elastic duids susceptible of variotis degrees of den* 

lee. Do bodies admit of different degrees of consistence without 
diapging their state ? 
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Mr$. B. By means of tbit instrameot (called a PyroBieter)^e 

may estimate, in the most exact manner, the various dilatations of 

any solid body by heatJ The body we are now g^ing to sabmit to 

trial is this small iron bar ^ i fix it to this apparatus, and tbeo 

Fig^. 1. Pyrometer. 




/jLA.Bnot Mftol. 1 S S, Lamp* bomiaf. B B, WIm«1 work. 
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beat ifby lighting^ the three lamps beneath it ; when the bar ex- 
« pands, it increases in length as well as thickness; and, as one end 
communicates with this wheel work, whilst the other end is fixed 
aod immoTeable, no sooner does it begin to dilate than it pre«ea 
against the wheel work, aod sets in motion the index, which points 
out the decrees of dilatation on the dial-plate* 

Emily* This is, indeed, a very curious instrument ; but I do not 
understand the use of the wheels ; would it not be more simple, 
and answer the purpose equally well, if the bar in dilating, prened 
against the index, and put it in motion without the interrentioo of 
the wheels ? 

M-M. B. The use of the wheels is merely to multiply the motioii, 
and therefore render the effect of the caloric more odtious^ for if 
the index mored no more than the bar increased in length, "An mo- 
tion would scarcely be perceptible ; but by means of the wheeb 
it moves in a much greater proportion, which tbereibre renden the 
fariations far more conspicuous. 

By submitting different bodies to the test of the pyrometer, U is 
found that they are far from dilating in the same proportion, dif- 
ferent metals expand in different degrees, and other kinds of solid 
bodies vary still more in this respecQ But this different susoepti*> 
bility of dilatatioB is stiH more reMmrkaUe ia(fluidsjhan io aoUd 
bodies as I shall show you. I have here two glasrtubM, termiMited 
at one end by large bulbs. We shall fill the bulbs, the one with 



109. What experiment proves that they do? 

1 10. What is the use of the Pyrometer? • 

111. How would you explain Dg^re I ? 

1 IS. What is the use of wheels in this instrument ? 

1 13. Does caloric expand all bodies in the same degree ? 

1 14. Which are most susceptible of dilatatkm, fluids or solids f 
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spirit of wiDCf the of iier with wsKer. I ha?« colqred both liqnidty 
m order that the. efiect maj be more conspicuous. The spirit of 
wine, you see, dilates by the warmth of my hand as I hold the bulb.* 
Emily/ Ii certainly does, for I see it is rising into the tube. But 
water it seems, is not so easilr effected by heat ^ for scarcely any 
cbaDge is produced on it by the warmth of the hand^ 



fl 




Fiff. 2. Mrt B. True ; we shaH now plun^ 

the bulbs inio hot water, and you will 
see both liquids rise in the tubes ; but the 
spirit of wine will ascend iHgliNKl. 

Caroline, How rapidly it expands ! 
Now it has nearly reached the tube^ 
though the water has hardly begun to 
rise. 

Emily, The water now begins todilart^ 
Are not these glass tubes, willi Itquida 
rising within them, very like thermome- 
ters ? 

Mrs. B, A thermometer is construct- 
.ed 6xac(ly on the same principle, and 
these tubes require only a scae to an- 
swer the purpose of thermometers ; but 
they would be rather awkward in their 

dimensions. The tubes and bulbs of 

f \ ^^N thermometers, though of various sizest 

I \ . i \ ate in general much smaller than these; 

ttte tube too, is hermetically f closed, and 
I the air excluded from it. Tlie fluid 
mbsi generally used in thermometei^, is 
A A, GiM,b«ih. B B. oi.Me. ^^creurv commonly called quicksilver^ 
Wkter in whieiitiiey trt imiMmd. ni0 dflatations and contractions of whrciT 
correspond more exactly to the additions 
and subtractions of caloric, than those of any other fluid. 

Caroline. Yet I have often seen coloured spirit of wine used in 
thermometers. 

Mrs, B. The expansions and contractions of that liquid^re not 
quite so uniform as those of mercury j butnn cases in whith it is 

* In the absence of glass tubes terminated by bulbs, procure a 

pair of itit canisters, three inches high and twowide, »>oldcredupali 

.round. In the middle of the top of each, ha v^ inserted a circular 

tin 8p4:nit, and into these cement giass tuber about twelve Tnches 

high. These will answer every purpose. — C. 

f The tube is closed by holdmg the end ov^ a spirit lamp until 
the glajss is melted. This word is derived from Hermes^ the Greek 
name for mercury. He is said to have been the inrenter of chem*' 
istry ; hence this is sometimes called the Hermetic art, and hermet- 
ically, or chemically closed, is closed by heat or melting. — C. 



115. What is the object of figure 2 ? 

116. What fluid is generally used in thermometers? ^ 

117. Mow do the expansions and contractions of the spirits of 
wine compare wHh those of mercury ? 
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Dot requisite to a^ertain the temperature with great precisioo, 
spirit uf wiae will answer the purpose equally well, and indeed in 
some respects better, as tbe expaosioD of the latter is greater, and 
therefore more conspicuously This fluid is used likewise in situations 
and ezperimeots in which mercury would be frozen ; for mercury 
becomes a solid body, like a piece of lead or any other metal, at 
a certain degree of cold ; but no degree of cold has ever been 
known to fireeze spirit of wine.* 

A thermometer, therefore/Sonsists of a tube with a bulb, such as 
you see here^ containing a quid whose degrees of dilatation %nd 
cootractbn are indicatea by^ scale to which the tube is fixed^- 
Tbe degree which indicates tbe boiling point, simply means d$at' 
when the fluid is' sufficiently dilated to rise to this point, the beat is 
Such that water exposed to the same temperature will boil. When 
on the other hand, tbe fluid is so much condensed as to sink to the 
freezing point, we know that water will freeze at that temperature. 
The extreme points of tbe scales are not the same in all thermome- 
ters, nor are the degrees always divided in the same manner. In 
different countries philosophers have chosen to adopt different 
scales and divisions. The two thermometers most usea^re those 
of Fahrenheit, and of Reaumu?^ the first is generally prtferred by 
the English, the latter by the French. 

Emily^ The variety of scale must be very inconvenient, and I 
should think liable to occasion confusioor when French and Eng- 
Jisb experiments are compared. 

•A/r«. B. The inconvenience is but very trifling, because the dif- 
ferent gradations 6S the scales do not effect the principle U(>on- 
which thermometera are constructed. When we knojr, for in- 
stance, that^ahrenbeit's scale is divided into SiS^de^reesiin wbidi 
32<^ correspobds with tbe iVeezing point, an(^l2^ with the point of 
boiling w»t«r ; and that Reaumur's is divideia oplyJntoiBO degreeO 
in wlMch 0® denotes the freezing point, and /SO** Jthaf of boiling^ 
water, it is easy to <^pare the two scales together, and reduce 
the one into tbe otbei^ But, for g^reater convenience, thermome- 
ters are sometimes eouslructed* with both these scales : one oa 
either side of the tube ; so that the correspondence of the different 
degrees of the two scales is thus instantly seen. Here is one of 
these scales, (Fig. 3, see next page,) by which you can at once per-" 
ceive that each degree of Reaumur's corresponds to 2 1-4 of Fah- 
renheit's division. But 1 believe tbe French have, of late, given 
the preference to what they call^e centigrade scale^in which the 
space oetween the freezing and the boiling point is divided into 100^ 
degrees. 
\*\ 

'* Spirit of wine is stated to have been frozen in England by some 
process which the author has preferred to keep secret. — C. 



When is spirit of wine used ? 

1 18. How would you describe a thermometer ? 

1 19. What two thermometers are mostly used i 

120. How are they graduated.^ 

121. What is the temperature of boiling water? 

122. To wimt scale have the French^^ been said to bav« preference ? 
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Figr. 3. Caroline^ s Xliat seems ib ma 

Thermometer, the most reasonable diTisioa, 

id 1 caoDot guesH why the freez- 
\g point is dialled 32<^, or what 
dyaotag-e is derived from it. 
Mrt. B. There rj^Wy is do 
dyantag^ in it ; a'ndnl originat- 
d io a mistaken opimon of the 
Qstrament-maker, Fahrenheit, 
rho first constructed these ther- 
nometers. He mixed snow and 
alt together, and produced by 
hat means a •degree of cold 
rhich be concluded was the great- 
fit possible, and therefore made 
lis scale begin from that point, 
between that and boiling water 
le made 212 degrees, and the 
reeziog point was found to be 
it^ 

JEm(fy. Are«piritof wine, and 
nercury, the ncrly liquids used 
n the constnictioa ^ 4liennom- 
tters ? 

. Mn. B. 1 believe ibeyjure tbe 
»ly liquids now in use, Ihou^b 
some otbers, tucb as linseed ml, 
m)Qld make ioileiable CfaeiJiioin- 
Btors; but -for ea ip e rimeufti in 
ivbich a Tery quick asd delioale 
'est oi tbe <ebiioge8 of tempera- 
lure is required, aiisirjjie fluid 
lometimei employed. /The buftb 
)f air Ibennometers is nlled with 
BommoQ woe only, and its expan- 
lion and contraction are indicat- 
Dd by a ameli drop of any col- 
oured liquor, which i8 4UspeBded 
within tbe tube, and moTes up 
and down, accoiding as' the air 
withm tbe bulb and tube expands 
or ooDtraots!^ But ia general, 
air thermometers, however sen- 
sible to changea^of temperature, 
are by no means accurate in 
their indications. 

r thermometer of a very peculiar 
construction, which is remarkably well adapted for some chemical 



123. Why was the freezing point in Fahrenheit's thermomelor 
^'iized at 32 degrees? 

%Sbi. HowareairtiiermoiiieterscoBStrucled? 
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experiments, as it is ecpially delicate and accurate in its indica- 
tions.* y^. ^ ^ 

Caroline. It looks like a double thermom- 
eter reversed, the tube^being bent, and bar- 
ing^ a large bulb at each of its extremities. 

Emilu. Why do you call it an air thermom- 
eter ; the tube. contains a colored liquid ? 

JJrs. B' But observe that the bulbs are 
filled with air, the liquid being^confined to 
a portion of the tube, and answering only 
the purpose of shoeing, by its motion in the 
lube, the, comparative dilatatiofi or contrac- 
tion of the air within the bulbs, which afford 
an indication of their relative temperature. 
Thus if vou heat the bulb A, by the warmth 
of your hand, the fluid will rise towards the 
bulb B,.and the contrary will happen if joa 
reverse the experiment. 

But if,.on the contrary, both tubes are of 
tbe same temperature, as is the case now, the 
colored iiquid, suffering an eaual pressure 
on each side, no change of level takes place. 
CaraJine. This instrument appears, indeed* 
uncQpnmonly delicate. The fluid is set in 
mption by tbe mere ?4)pro%cb of /ny hand. 

Jlrs. 6, You must observe, however, that 
this thermometer cannot iodiqate the tem- 

perature of any. particular body, or of the 

, medium ia which it is immersed /TTserves only to point out the dif- 
ftrmee of temperamre between the two bulbs, when placed under 
diffefent^ircumstanceiTN For Ibis reason it has be^n called rf#«r- 
mHal thermometer. Inu will see hereafter ^o mhat particular 
purpose* this instroine it Applies. , . .. . ^. 

Emilu. But do common thermometers iitdicate the ex?ct quao. 
Uty of caloric contained either in the atmosphere, pr m any body 
with which they are in <;ontact ?t 

* Students in cheroktry n»y amnse^themselves wi^ air the^ 
mometers of their own construction. QProcure a flat vialorink- 
•tand with a wide mouth ; also, a broken thermometer tube, the 
bolb being entire. Fit a co»k air tight to the ml, and pierce it 
ia tbe middte with a hot iron to admit tbe.tube. FilUbe yial about 
lialf full of some colored liquid. Warm the bulb of the tube by 
^boldinr it in the hand, and in this state introd^pe -the small end 
tbffoo^ the cork nearly to the bottom of the vial. The hand b*. 
log removed from the bulb, the fluki will nse in the tube. The flu- 
idVlll afterwards rise or fall as heat is applied to the vial^r bulK) 

,t.The thermometer indicates the exact quantity of free caloric 




Its. Whatit 9aidif<nrihermometertinlhen0U? 
1«6. Which figure reiireMnti an air thermomter f 
in. Why has the air tbermeneter been, called tbe differential 
jUMrmometer ? 
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•Mn. B.^<^%/^rat, becaose tbdre are other modificatioDS of ea* 
loric whiclrdo matvSedt the thermometer ; and, secoiidly, beduise 
the temperature of a body, as indicated by the thermometer^ is 
only reiatiy^ When, for instance, the theroMNneter remams sta- 
tionary at tb^ freezing point, we know that the atmosphere, (or 
mediom in which it is placed, whaterer it may be) is as cold as 
freezing water ; and wnen it stands at the boiling point, we know 
that this medium is as hot as boiling water ; but we do not know 
the positive quantity of heat contained either in freezing or boiling 
water, any more than we know the real extremes of heat and cold ; 
and consequently we cannot determine that of the body in which 
the thermometer is placed. 

Caroline. I do npt quite understand this explanation. 

Jdrs. J^, Let us p>mpare a thermometer to a well, in which the 
water rises to different heights, according as it is more or less sup- 
plied by the spring which feeds it ; if the depth of the well is un- 
fathomable, it must be impossible to know the absolute quantity of 
water it contains ; yet we can with the greatest accuracy measure 
the number of feet the water has risen or Allien in the well at any 
time, and consequenUy know the precise quantib^ of its increase 
or diminution, without haying the least knowledge pf the whole 
quantity of water it contains^Jf 

Caroline, Now I compretiend it very well ; nothing appears to 
me to explain a thing so clear as a comparison. 

Emiiy, But will thermometers bear any degree of heat ? 

Jlfr«. B. No ; for if the temf>erature were much above the higfa« 
est degree marked on the scale of the thermometer/ue mensory 
would burst the tube in an attempt to ascend^ Anchat any rate, 
no thennometer can be applied td temperatures hirher than the 
boiling |)oint of tbejiquid used in its construction, for the steam, 
on the hquid beginning to boil, would burst the tube. In furna- 
ces, or whenerer any very high temperature is to be measured, a 

present at the time and place of the experiment. Thus if a cer- 
tain quantity of heat is required to raise the meroury 20^, double 
this quantity will raise it to 40°. All bodies contain a quantity t^ 
heat not appreciable by the thermometer, or sensible to the touch. 
This is called yired or latent heat. This can sometimes be set free, 
as when we hammer a piece of cold iron it becomes hot. llius 
the latent caloric is squeezed out of the iron by the contraction of 
its pores under the hammer, and it then becomes free csdk>ric.--C. 

"^ This pas»age may be expounded as follows. The unfathoma- 
ble de(>th of the well signifies the absolute quantity o( calork;^ 
and which the thermometer does not measure ; because {sdl bodies 



128. Do common thermometers indicate the exact quantity of 
calorie contained either in the atmosphere, or in any body, with 
which they come in contact ? 

129. Why do they not ? 

190. What comparison is made between a well and a thermqm- 
ter? 

131. Why might not thermometers be applied to temperatures . 
higher than the boiling point of the liquid used in their eoostrao- 
tifin ? 
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pyrometer, ioyented by Wedg-wood, is used for that purpose. - It 
is made of a certain composition of baked clay, which has the pe- 
culiar property. of contracting by heat, so that the deg^ree of coo- 
tractioD ot this substance indicates the temperature to which it has 
been exposed. 

Emily But is it possible for a body to contract by heat ? 1 thought 
that heat dilated all bodies whatever. 

^ Jlfr# B. This is not an exception to the rule. You must recol- 
lect that the bulk of the clay is not compared, whilst hot, with that 
which it has when cold ; but it is from ihef change which the clay 
has undergone by having been heated, that the indications of this 
instrument are derived. This change consists io a beginning fur 
sion, which tends to unite the particles of clay more closely, thus 
rendering it less pervious or sp^iogy.^ 

/Clay is to be considered as a spongy body, abounding in inter- 
stVces or pores, from its having contained water when soft. These 
interstices are by heat lessened, and would by extreme heat be en- 
tirely obliterateoN 

Caroline, An^ow do you ascertain he degrees of contraction 
of Wedgwood's pyrometer ? 

Jdrt, B. The dimensions of the piece of clay are measured by a 
scale gpraduated on the side of a tapered s^roove, formed in a brass 
ruler ; the more the clay is contracted by the beat, the further it 
will descend into the narrow part of tlie tube. 

Before we quit the subject of expansion, i must obsep^e to you, 
that, as li(]uids expand more readiljr than solids, sofelastic fluids, 
whether air or vapourNare the most expansible of all Bodies. 

It may appear extraordinary, tha^ll elastic fluids whatever, un- 
dergo the s^e degree of expansioirfrom equal argumentation of 
temperature^ 

Emily. I rappose, then, that all elastic fluids are of the same den- 
sity. ^ 

Jiirt. B. Very far from it ; Ahey vary in density, more than ei- 
ther liquids or solids^ The uniformity of their expansibility, which 
at first may appear lingular, is, however, readily accounted for. 
For if the different susceptibilities of expansion of bodies arise 
trom their various degrees of attraction of cohesion, no such dif- 

however cold, still contain caloric^ Thus mercury freezes at 40° 
below zero, but still contains calollc, an^ ^o on. The rising and 
fdling of the water signifies the greater or less quantity of free ca« 
loric as indicated by the thermometer.— C. 

* According to the calculations of Saussure, the temperature 
necessary to melt this clay is 1575° Wedgwood, which is a degree 
ofheatgreatlybeyondour common furnaces. It is therefore most 
probable that the clay contracts at lower temperatures by the loss 
of moisture. — C. 



132. Do all hodiet hovatvtr cold contain caloric ? 

^33. In what manner is it that cla^ appeart to contract by beat ? 

134. What bodies are most expansible ? 

135. Are all elastic fluids equally expanded from equal augmen- 
tations of temperature ? 

136. Are all elastic fluids of the same density ? . ,t 
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ferencecan be expected^ elastic *flaids, sioee in these the attrac- 
tion ofcohesion does notexist, their particles being on the contrary 
possessed of an elastic or repulsi?e povrer^ they will therefore all 
be equally expanded by equal degrees of oslonc. 

Emily. True; as there is no power opposed to the ekpansive 
force of caloric in elastic bodies, its effect must be the same in all 
' of them. 

•Mr». B, Let us now proceed to examine tie other properties of 
(r^ caloric. 

^ree caloric always tends to diffuse itself equall/i that is to say, 
wOen two bodies are of different temperatures, the warmer gradu- 
ally parts with its beat to the colder, till they are both brought to 
the same ternperarure. Thus, /^hen a thermometer is appli^ to a 
hot bod^', it receives caloric ; when to a cold -ooe, it commuicates 
part of :ts own. caloric, and this communication continues until the 
thermometer nnd the body arrive at the same temperatureS 

Emily, (old, then, is nothing but a negative quality, stffiply im* 
plyinjr the absence of heat. * ^ ^ 

Mrs. B. Not the total absence, bulp diminution of he^ fgr'ive 
know of no body in which some calorre may not be discoVered^ 

Caroline, But when I lay my hand on this marble table, I feel 
it positively cold, and cannot conceive that there is any caloric in 
it. j^ 

Mrs. B. The cold you experiencewonsists in the loss of caloric 
that your hand sustains io ao attemprto bring its temperature to 
an equilibrium with the marble% If yon lay a piece of ice upon it, 
you will fiudthat a contrary effect will take place ; the ice will be 
melted by the heat it abstracts from the marble* 

Caroline. Is'it not in this case the air of the room, which being 
warmer than the marble, melts the ice ? 

Mrs. B. The air certainl\ acts on the surface which is exposed 
to it, but the table melts that part with which it is in contact 
' Caroline. But why does caloric tend to an equilibrium P ^t cai;^ 
not be on the same principle as other fluids, since it has no weighO 

Mrs. B. Very true, Caroline, that is an excellent objection. 
You might also, with some propriety, object to the term eawlibri" 
tim being applied to a body that is without weight ; but I know of 
no expression that would explain my meaning so well. You must 
eoDsider it, however, in a figurative rather than a literal sense : its 
strict meaning is an equal diffusion. We cannot, indeed, well say 
by what power it diffuses itself equally, though it is not surprising 
that it should go from the parts which have the most to those which 
have the least The subject is best explained by a theory sugges- 



137. How then can their uniformity of expansibility be account- 
ed for r 
138 How does caloric tend to diffuse itself ? 
139.. How is this illustrated by a thermometer ? 
140 What is cold? 

141. Do we know of any substance in which some caloric may 
not be found ? 

142. Why do some bodies feel cold if we lay ourbs^ upon them? 

143. What objection is there to the term equihbrium, when 
speaking of the equal diffusion of caloric ? 
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ted by Professor Prevost of Geneva, jurhich is now, 1 believe, gen- 
erally adopted. ^ 

AccordiDg to this theory /caloric is composed of particles per- 
fectly separate from each other, e^ry one of which moves with a 
rapid v^ocity in a certain direction^ These directions vary as much 
as imag^ation can conceive, the result of which is, that there are 
rays or lines of the^ particles moving* with immense velocity in 
every possible direction. Caloric is thus universally diffused, so 
that when any portion of space happens to be in the neighbourhood 
of another, which contain^^ more caloric, the colder portion re- 
ceives a quantity of calorific rays from the latter, sufficient to re- 
store an equilibrium of temperature, ^his radiation does not only 
take place in free space, but extends aJSo to bodies of every kinajf" 
Thus you may suppose all bodies whatever, constantly radiating ca- 
loric ; those that are of the same temperature g^ve out and absorb 
equal quantities^ so that no variation of temperature is produced in 



thenu but when one body contains more tree caloric than anoth- 
er,KDe exchange is ^ways in favour of the colder body, until an 
equilibrium is effected) this you find to be the case when the mar- 



ble table cooled your nand, and again when it melted the ice. 

Caroline. This reciprocal radiation su prises me extremely ; I 
thought, from what you first said, that the hotter bodies alone 
emitted rays of caloric which were absorbed by the colder ; for it 
seems unnatural that a hot body should receive any caloric from a 
cold one. even though it should return a rreat quantity. 

Jdrs. B. It may at first appear so, butyt is no more extraordina- 
ry than that a candle should send forth rays of light to the suo, 
which, you know, must necessarily happen) 

Carolinfi. Well Mrs. B., I believe that imust ^ve up the point. 
But I wish I could aee these rays of caloric ; I should then have 
gpreater faith in them. 

Jlrs. B, Will you give no credit to any sense but that of sight ? 
You may feel the rays of caloric which you receive from any body 
of a temperature higher than your own ; the loss of (he caloric 
you part with in return, it is true, is not perceptible ; for as you 
gain more than you lose, instead of suffering a diminution, you 
are really making an acquisition of caloric- ^t is, therefore, only 
when you are parting with it to a body of a rower temperature, 
that you are sensible of the seigation of cold, because you then sus- 



tain an absolute loss of caloric! 



»Eua 



^This is true when applied to inanimate matter. (But if a live an** 
imal is exposed to a degree of heat above the tenrfyferature of its 
own body, it has the power of resistance ; and though the heat be 
100 4^rees above that of the animal, it scarcely affects its temper- 
atur^C. 

144. What is professor Prevost's theory of caloric ? 

145. What remark respecting live animais is made in the note ? 

146. Do all bodies constantly radiate caloric ? 

147. If one body contain more free caloric than another, vvhat is 
the consequence t / 

148. Does a hot body r^eive caloric from a cold one ? 

149. How does Mrs. B. answer the objection to the reciprocal 
radiation of caloric between bodies of different temperature t 

150. What occasions the sensation of cold? ^ i 
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Emily. And in this case we cannot be sensible of the small 
quantity of heat we receire in exchange from the colder body, be- 
cause it serves only to diminish the loss. 

Mrs, B. Very well, indeed, Emily. Professor Pictet, of Gene- 
va, has made some rery interesting experiments, which prove not 
only/bat caloric radiates from all bodies whaieyer, but that these 
raysinay be reflected, according to the laws of optics, in the same 
manner as lighy I shall repeat these experiments before yon, hay- 
ing procured mirrors* fit for the purpose ; and it will afford us an 
opportiinity of using the differential thermometer, which is partic- 
ularly well adapted for these experiments.— i place an iron bullet, 
>» Fig, 5. 

Jlfr. PkUi^sfSpparatusfor the RfJUclionofHeaiA 





[A A, md B B, CoDttTC Mirrcnvt fijud ou lUiids O, Hatted Bolkt, pke*d ia tfa* focus of th» 
Jiinor A. D, TlMnnoncter* with iu balk pUccd im the xmm of tb* llinvr B. l 3 3 4, ny% 9 { 
Ci||phc HMiiatiof from th« Bolkt. aod ftJIJHT oo ebe Bfirror A. 56 7 8, tb* mom raji rtflocted 
from the Mirror A to the Mirror B. 9 10 1 1 13, tlio saiim njt rtflected bj the M invr B. to the 
Th«imonietera 

about two inches in diameter, and heated to a degree not sufficient 
to render it luminous, in the focus of this large metallic concave 
mirror. The rays of heat which Tall on this mirror are reflected, 
agreeably to the property of concaye mirrors, in a parallel direc- 
tion, so as to fall on a similar mirror, which, you see, is placed op- 
posite to the first, at the distance of about ten feet ; tnence the 
rays conyerffe to the focus of the second mirror, in which I place 
one of the bulbs of this thermometer. Now, obserye in what man- 
ner it is affected by the caloric which is reflected on it from the 
heated bullet — ^The air is dilated in the bulb which we placed in 
the focus of the mirror, and the liquor rises considerably in the op- 
posite leg. 



* Mirrors made of common tinned iron show this experiment 
yery well. They may be 10 or 12 inches in diameter, ana about 2 
inches deep. They must be planished with a hammer haying a 
eonyex face, and afterwards polished with a piece of backskin, and 
alittlejwhiting.^0. 



151. What do Professor Pictet*s experiments on caloric prore ? 

162. What is the object of figure 5 ^ 

153. How ffould you explain the experiment repreiented iD.tbts 



fifure 



4» 
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Emily. But would not tbe same effect take place, if the rays of 
caloric from the heated bullet fell directly on the thermometer, 
without ^e assistance of the mirrors ? 

Mrs, B' The effect would in that case be so trifling', at the dis- 
tance at which the bullet and the thermometer are from each oth- 
er, that it would be almost imnerceptible. The mirrors, you 
know, gi^atly increase the effect,J|K,v collecting a lar^e quantity of 
rays in a focusj^lace your hand in'the focus of the mirror, and you 
will find it mtlch hotter there than when you remore it nearer to 
the bullet. 

Emily. That is ycry true ; it appears extremely singular to feel 
the heat diminish iti approaching tne body from w^ich it proceeds. 

Caroline And the mirror which produces so much heat, by con- 
remng the j^ys, is itself quite cold. 

iMru B.^he same number of rays that are dispersed orer the 
surface ofthe mirror are collected by it into the focu» but if you 
consider bow large a suHace the mirror presents to toe rays, and, 
consequently* how much they are diffused in comparison to what 
they are at tne focus, which is a little more than a point, 1 think you 
can no longer wonder that the focus should be so much hotter than 
tl»g,mirror. 

Q^e principal use of the mirror in this experiment is, to proye 
that^e calorific emanation is reflected in the same manner as 
lights 

Carolme. And the result, I think, is yery conclusiye. 

Jlfrt. B. The experiment may be repeated with a wax taper in- 
stead of tbe bullet, with a yiew of separating the light from the 
caloric. For this purpose a transparent plate of glass must be in- 
terposed between the mirrors ; for light, you know, passes with 
great facility through <rlass,'^ whilst the transmission or caloric*is 
almost wholly impeded %y it; We shall find, howeyer, in this ex- 
periment, that some few of the calorific rays pass through the glass 
together with the light, as the thermometer rises a little ; but, as 
soon as the glass is remoyed, and free passage left to the caloric, it 
will rise considerably higher. 

EmUv^ This* experiment, as well as that of Dr. HerschelFs, 
proyes^at light and heat may be separated^ for in the latter ex- 
perimefit the separation was not perfect, any inore than that of Mr. 
Pictet. 

CaroKfM. 1 should like to repeat this experiment, with the dif- 
ference of substituting a cold body instead of a hot one, to see 
whether cold would not be reflected as well asl^at. \ 

Mr$. B. That experiment was proposed towlr. PictetTby an in- 
credulous philosopher like yourself, and he immediately 4ried it by 
substituting a piece of ice in the place of a heated bullet. 

CaroUne* Well, Mrs. B., and what was the result ? 



154. Why do mirrors increase the effect in this experiment ? 

156. Why does a metallic mirror feel cold when placed before 
tbelfe? 

166. What is the use of the mirror in the experiment ? 

15T. What wbetanee ahnort wholly impedes the traoBmissioo of 
ciloric? 

168. Wh«t^k>es^iipfeye? 

159. What phUotophereuppoied that cold migfat be reflected? 
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Mrs. B. That ire shall see ; 1 hare procured some ice for the 
purpose. 
Emily, The thermometer fallsconsiderably ! 
Caroline. And does not that prore that cold is not merely a neg' 
alwt quality, iroplyiog: simply an inferior deg^ree of heat f The 
cold must be ponlwe^ since it is capable of reflection. 

Mrs. B. So it at first appeared to VI r. Pictet ; but upon a little 
cs^osideration he fouj^ that it afforded only an additional proof of 
foe reflection of heat) this I shall endegyour to explain to you. 
^ According to Mr. rrqrost's iheory/we suppose that all bodies 
whaterer radiate caloricjl the thermometer used in these exper- 
iments, therefore, emits calorific rays in the same manner as any 
other substance. When its temperature is in equilibrium with that 
of the surrounding bodies, it receires as much caloric as it parts 
with, and no change of temperature is produced. But when we 
iqtroduce a bodr of a lower temperature, such as a piece of ice, 
which parts with less caloric than it receires, the consequence is, 
that its temperature is raised, whilst that of the surroundmg bodies 
is proportionally lowered 

Emily. If, for instance, I was to bring a large piece of ice into 
this room, the ice would in time be melted, by absorbing caloric 
from the genera] radiation which is going on throughout the room ; 
and as it would contribute rery little caloric in return for what is 
absorbed, the room would necessarily be cooled by it. 

JUrs. B. Just so ; and as iu consequence of the mirrors, a more 
considerable exchange of rays takes place between the ice and the 
thermometer, than between these and any of the surrounding Bod- 
ies, the temperature of the thermometer must be more lowered than 
that of any other adjacent object. 

Caroline, I confess I do not perfectly tmderstand your explan- 
ation. 

Mrs, B. This experiment is exactly similar to that made with 
the heated bullet ; for,nf we consider tne thermometer as the hot 
bodr (which it certainl^ is in comparison to the ice,) jou may then 
easily understand that it is by the loss of the calorific rays which 
the tnermometer sends to the ice, and not by any cold rays receir- 
ed from it, that the fi\\ of the mercury is occasioned ; for the ice, 
far from emitting rays of cold, sends forth ra^ of caloric, which 
diminish the loss sustained by the thermometer^ 

Let us say, for instance, that the radiation df the thermometer 
towards the ice is equal to 10,, and that of the ice towards the 
thermometer to 20 ; the^exchange in faror of the ice is as 20 is 
tolO, or the thermometer absolutely loses 10, whilst the ice gains 
10. 

Carole. But if the ice actually sends rays of caloric to the 
thermometer, must not the latter Ml still lower when the ice is re- 
mored? • ^x' 

Mrs. B* ^o\(ior the space which the ice occupies, admits rays 
— -- _ . 

160. What did his experiment prore ? 

IQI . What is probaUe respecting the use of the thermometer in 
this eKperimeot, aecordtng to Mr. Prerost^s ^eory ? 

162. What similarity is there between this experiment ahd that 
of ^ faei^ bciHet ? 

163. Since the ice tends rays of caloric to tfae^eniicmieter,wnt 
not the theimometer fidl if the ice ia remorcd '^^^^^^^ ^^ Google 
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from all the surroaodingr bodies to pass through it : and those betog 
pf the same temperature as the thermometer, will not affect it, be- 
cause as much beat now returns to the thermometer as radiates 
from itl^ 

Carolme, I must confess that you ba^e explained this in so batis- 
factory a manner, that I cannot help being conirinced now that cold 
has no real claim to the rank of a positive being 

Jtfr«. B. Before 1 conclude the subject of radiation, I must ob- 
serve to you, thalyCliffereot bodies for rather surfaces,] possess the 
power 01 radiatmg^caloric in very aifferent d^preesS 

Some curious experiments have been made bv<^ VI r.' Leslie on 
this subject, and it was for this purpose that he invented the differ- 
entiail thermometer ; with its assistance he ascertained that^lack 
surfaces radiate most, glass next, and polished surfaces the least of 
all^ 

imily. Supposing these surfaces, of course, to be all of the same 
temperature. 

Mrs. B. Undoubtedly. I will now show you the very ingen- 
ipus apparatus, by means of which he made these experiments. 
G^his cubical tin vessel, nr canister, has each of its sides externally 
covered with different materials; the one is simply blackened ; 
the next is covered with white paper ; the third with a pane of 
^lass, and in the fourth the polished tin surface remains uncovered- 
We shall fill this vessel with hot water, so that there can be no 
doubt but that all its sides will be of the same temperature. Now 
let us place it in the focus of tme of the mirrors, making each of 
its sides front it in successionX We shall beg^n with Uie blaok 
surface.* ^ 

Caroline, It makes the thermometer which is in^e focus of the 
other mirror rise considerably. Let us turn the paper sur&ce 
towards the mirror. The thermometer falls a little, therefore of 
course, this side cannot emit or radiate so much caloric as the black- 
ened side. 

Emily, This is verv surprising ; for the side^ are exactly of the 
same size, and must be of the same temperature. But let us try 
the glass surface. 

jSr8, B. The thermometer continues falling, and with the plain 
surface it falls still lower ; these two surfaces therefore radiate less 
and less. 

Caroline I think I have found out the reason of this. 

Jdrs. B, I should be very happy to hear it, for it has not yet, (to 
my knowledge) been accounted n>r. 

^* The radiating newer of different surfaces may be shown thus. 
vTake a common half pint tin cup, scour one side bright, and paint 
or smoke the other blaok. Place this in the focus of the mirror, 
and the thermometer will rise or fsdl as its sides are changedlVC. 

164. Why will it not ? 

165. Do all surfaces radiate caloric in equal demes ? 

166. What surfaces radiate roost caloric, and what ones least i 

167. What illustration is given of the different radiations of dif- 
ferent surfoces? 

.168. flow U U Haiedin the noU, ^tU the radiating power of dif 
ferent iurfaceemt^f heefunm? 
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Caroline. The water within the ▼estelmdiially cools, and the 
thermometer m consequence gradually falls. 

Jlrs. B, It is true that the water cools, hut certainly in much less 
proportion than the thermometer descends, as you will perceive if 
you now change the tin surface for the black one. 

Caroline. I was mistaken, certainly, for the thermometer rises 
again now that the black surface fronts the mirror 

JIrs B. And yet the water in the vessel is still cooling, Car- 
oline 

Emily. I am surprised that the tin surface should radiate the 
least caloric, for a metalhc vessel filled with hot water, a silver 
tea-pot for instance, feels much hotter to the hand than one of black 
earthenware, 

Mrs. B. (Jhat is owing to th^ different power which various bod- 
ies possesfi Wr conducting calon<^va property which we shall pre- 
sently examine. Thus, although 4r metallic vessel feels warm to 
the handf^vessel of this kind is known to preserve the heat of the 
liquid within, better than one of any other materials^ it is for this 
reason that silver tea-pots make better tea than thoil of earthen- 
ware. 

Emily. According ro these experiments, lurht coloured dresses, 
in cold we ather, should keep us warmer thanrolack clothes, Wi»' 
^|SMl(il!h radiate »o much more than the fonher) 

Mrs. B And that is actually the case. ^ 

Emily. This property, of different surfaces to radiate in different 
degrees, appears to me to be a,t vwance with the equilibrium of 
caloric ; since it would imply jhaffthose bodies which radiate most 
must ultimately become coMesT^ ^ 

Suppose that we were to vary this experiment, by using two 
metallic vessels full of boiling water, the one blackened, the other 
not ; would not the black one cool the first ? 

Caroline. True ; but when they were both breu^ht down to the 
temperature of the room, the interchange of calonc between the 
canisters and the other bodies of the room being then equal, their 
terof>erature would remain the same* ^ 

Emily. I do not see why that should be the case ; for^ different 
surfaces of the same temperature radiate in different degrees when 
heated, why should they not c^tmue to do so when cooled down 
to the temperature of the roon^ 

Mrs. B. You have started ^difficulty. Emily, which certainly 
requires explanation, ft is found by experiment, that the power 
of absorption corresponds with, and is proportional to, that of radia- 
tion : so that under equal temperatures, bodies compensate for the 

169 Wbv will a silver tea-pot or any metallic vessel filled with 
hot water, feel much hotter to the hand than one of black earthen 
ware ? 

170. Why will a silver tea-pot make better tea than an earthen 
one? 

171. Why is a light colored dress warmer than a black one in 
winter ? 

\TZ. And why a light colored one colder than a black in the 
summer ? 

173. What difficulty is meQtkmed respecting the above theory of 
the radiation of calonc ? 
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greater loss they sustain io consequence of their greater radiation 
by their greater absorptioo ; so that if you were to make your ex- 
periment io an atmosphere heated like the canisters, to the tem- 
perature of boiling water, though it is true that the canisters would 
radiate in different degrees, no change of temperature would be 
produced io them J^ecause they would each absorb caloric in pro- 
portion to their re^»ective radiation^ 

Emily. But would not the canirfers of boiling water also absorb 
caloric m difTereni deforces in a room of the common temperature ? 
Mrs. B Undoubtedly they would But the various bodies io 
the room would not, at a lower temperature, furnish either of the 
canisters with a sufficiency q$ calonc to compensate for the loss 
they undergo; for, suppose a black canister to absorb 400 rays 
of caloric, ivhilst the metallic <>ne absorbed only ^00; yet if the 
former radiate 800, whilst the latter radiates only 400, the black 
canister wil' be the first ceoled down to the temperature of the 
room. But from the moment the equilibrium of temperature has 
taken place, the black canister, both receiving and giving out 400 
rays, and the metallic one 200. no change of temperature will take 
place. 

Emily, I now understand it extremely well. But what becomes 
of the surplus of calorific rays, which food radiators emit, and bad 
radiators receive i Uiey must wander aoout in search of a resting- 
place ! 

fMrt, B They really do so ; for they are rejected and sent back, 
or, in other words. refierUd by the bodies which are bad radiators 
of caloric: and/(hey are thus transmittid to other bodies which 
happen to lie in' their way, by which they are either absorbed or 
agfam reflected, according as the prnperlv of reflection, or that of 
absorptioo. predominates io these bodiesj 

^ Caroline. I do not well understand the difference between radia- 
ting and reflecting caloric, for the caloric that is reflected from a 
body, proceeds from it in straight lines, and may surely be said to 
radiate from it ? 

Jdrs. B. It is true that there at first appears to be a great analo- 
gr between radiation and rejiection, as they equally convey the 
idea of the transmission of caloric. 

But if you consider a little, you will perceive tbat^^hen a body • 
radiates caloric, the heat which it emits not only proceeds from, 
but has its origin in the body itself Whilst when a bodv reJlecU 
caloric, it parts with none of its own caloric, but only reflects that 
which it receives from other bodies^ 

Emily^ Of this difference we ha^e very striking examples be- 
fore usijn the tin vessel of water, and the concave mirrors ; the 
first radmtes its own heat, the latter reflect the heat which they re- 
ceive from other bodies^ 
Caroline. Now that r understand the difference, it no longer 

174. If different surfaces of the same temperature radiate in dif- 
ferent decrees when heated, why do they not continue to do so 
when cooled to the temperature of the room .' 

175. What becomes of the surplus of caloric, which good" radia- 
tors emit and bad ones refuse to receive ? 

176. What is the diffbrenoe between the radiation and reflection 
of calonc ? 

177. How would you Ulustratte this difference by example ? 
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surprises tne that bodies which radiate, or part with tl^eir own ca- 
loric freely, should Dot have the power of traDsmitting with equal 
facilit}^ that which they receive from other bodies. 

Emily. Yet do body can be said to possess caloric of its own, if 
all caloric is origioally derived from the sun. 

Mra^B, When I speak of a body radiating its own caloric, I 
meannhat which it has absorbed and incorporated either immedi- 
ately Jtom the sun's rays, or through the medium of any other sub- 
stanceJ 

CJarvline* It seems natural enough that the power of absorption 
should be in opposition tp that of reflection, for the more caloric a 
body receives, the less^ it will reject. 

, Emily, And equally so that the power of radiation should cor- 
respond with that of absorption. It is, in fact, cause and effect; 
for a body canoot radiate heat without having previously absorbed 
it ; jast as a sprine^ that is well fed flows abundantly. 
^ Mrs. B.^luidsfre in ^neralvery bad radiators of caloric ; and 
pirneitherTadiates nor absorbs caloric in any sensible degpre^ 
MVehave not yet concluded our observations On free caiDric. 
Bat I shall defer, till our next meeting, what I have further to say 
on this subject. I believe it will afford us ample conversation for 
another interview. 



CONVERSATION HI. 

CONTINUATION 6f the SUBJECT. 

Mrt, B» In our last conversation, we begfan to examine the ten- 
dency of caloric to restore an equilibrium of temperature. This 
property when once well understood affords the explanation of a 
irreat variety of facts which appeared formerly unaccountable. 
Toamust observe, in the first place, that the effect of this tenden- 
cy^ gradually to bring all bodies that are in contact, to the same 
temperatur^ Thus the fire which burns in the grate, communi- 
cates its heai from one object to another, till every part of the room 
lu|s an equal portion of it. 

Emily, And yet this book is not so cold as the table on which it 
lies, though both are at an equal distance from the fire, and actually 
in contact with each other, so that according to your theory, they 
should be exactly at the same temperature. 

CaroUne, And the hearth which is much nearer the fire than the 
carpet, is certainly the colder of the two. 

Art. B. If you ascertain the temperature of these several bo- 

178. When we speak of a body radiating its own caloric, what dQ 
^e mean } 

179. What are very bad radiatort of caloric ? 

180. Has caloric any effect upon the air f 

181. What is the tendency oi caloric ? 

182. Do all substances at the same temperature feel equally warm 
or cold? .. , n \ 
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dies hv a thermometer (which is a much more accurate test than 
your fe^iogf] you will find that it is exactly the same. 

Caroline. But if they are of the same temperature, why should 
the ooe feel colder than the other ? 

Mrs, Bj^ The hearth and the table feel colder than the carpet or 
the book/because the latter are not such good conductors of heat 
as the forme^ /Caloric fiods a more easy passage through marble 
and wood, than Through leather and worsted ; the two former will 
therefore absorb heat more rapidly from your hand, and consequent- 
ly giye it a stronger sensation of cold than the two (atter, although 
they are all of them really of the same temperature^ 

(jaroline, So^hen, the sensation I feel on touching a cold body, 
is in proporyonQb the rapidity with which my hand yields its heat 
to that bodQf 

Jdrt, £. rrecisely ; andgf you lay your hand successively on 
every object in the room, you will discover which are good, and 
which are bad conductors of beat, by the different decrees of cold 
which you leeh) But in order to ascertain this point, it is necessa- 
ry that the several substances should be of the same temperature, 
which will not be the case with those that are venr near the fire, or 
those that are exposed to a current of cold air from a window or 
door. 

Emily > But what is the reason that some bodies are better con- 
ductors of heat than others ? 

Mrs. B. This is a point not well ascertained. It has been con- 
jectured that a certain union or adherence takes i>lace between the 
caloric and tlie particles of tbe body through which it passes. If 
this adherence be strong, the body detains the heat, and parts with 
it slowly and reluctantly ; if slight, it propagates it freely and rap- 
idly, ^he conducting power of a body is therefore, inversely, as its 
tendency to unite with caloric^ 

EmUy* That is to say, that the best conductors are those that 
have the least affinity for caloric 

Mrs. B. Yes ; but the term affinity is objectionable in this case, 
because, as that word is used to express a chemical attraction 
(which can be destroyed only by decomposition,) it cannot be ap- 
plicable to the slight and transient union that takes place between 
free caloric and the bodies through which it passes ; an union 
which is so weak, that it constantly yields to the tendency which 
ffaloric has to an equilibrium. Now you clearly understand, that 



the passage of caloric, through bodies that are £ood conductorHs 
much more rapid than through those that are oSd conductors^^d 
tharthe former both give and receive it more quickly, and there- 

183. Why do they not? 

184. What are instances of substances of tbe same temperature 
producing different sensations of heat and cold ? 

185. To what is the sensation proportional on touching one's 
hand to a cold body ? 

186. How can we ascertain which bodies, are good oondactors of 
heat and which are not ? 

187. Why are some bodies better conductors of heat than oihen .' 

188. Will caloric pats qaickest throngb good, or bad conduct- 
ors ? 

189. Which gives and receives it m.ost readily ^ 
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fore, in a given time more ajbnndantly, than bad cenduotorsVf bieh 
makes them feel either hotter or colder, though they ma/ he in 
fact, both of the same temperature. 

Caroline* Yes, I understand it now; the table and the hook lying 
upon it, being really of the same temperature, would each receive 
in the same space of time, the same quu^tity of heat from mv hand, 
were their conducting powers equal ;rbut as the table is the best 
conductor of the two, it will absorb tab beat from my hand more 
rapidly, and consequently produce a stronger sensation of cold 
than the boo^ 

Mrs. B. Very wellj my dear ; and observe, likewise, that if you 
were to heat the table and the book an equal number of degrees 
above the temperature of your body^ the table, which before felt 
the colder, would now feel the hotter of the two ; for, as in the first 
case it took the heat roost rapidly from your hand, so now it will im- 
part heat most rapidly to it. Thus the marble table, which seems 
to us colder than the mahogany one, will prove the hotter of the 
two to the ice ; for if it ms^es heat more rapidly from our ha^ds, 
which are warmer, it will give out heat more rapidly to the ice , 
which is colder. Do you understand the reason ot these apparent- 
ly opposite effects ? 

Emily, Perfectly. A body which is a good conductor of caloric, 
affords it a free passage ; so that it }>enetrates through that body more . 
rapidly than throu^ one which is a bad conductor ; and conse- 
<]uentiy, if it is colder than your hand, you lose more caloric, and if it 
is hotter you gain morethanabadconductor of the same temperature. 
Jifrs, jS. But you must observe that this is the case only when the 
conductors are either hotter or colder than your hand ; (oTt6[ you 
heat different conductors to the temperature of your body, they will, 
all feel equally warm, since the exchange of caloric between liodies 
of the same temperature is equSQ Now, can vou tell me why flan- 
nel clothing, which is a very badxonductor of heat, prevents our 
feeling cold? 
CaroUne, It prevents the cold from penetrating . . . 
Jirs. B. But you forget that cold is only a negative quality. 
Caroline. True, it onljj^events the heat of our bodies from es- 
caping so rapidly as it would otherwise doi 

Jlfn. B. Now you have explained it Pigh|;4. the flannel rather 
keeps in -the heat, than keeps out the cold. (Were the atmosphere 
of a higher temperature than our bodies, it would be equally effica- 
cious in keeping their temperature at the same degree, as it would 
prevent the free access of the external beat, by the difficulty with 
which it conducts i{^ 

Emily, This, I thmk, is very clear. Heat, whether external or 
internal, cannot easily penetrate flannel ; therefore, in oold weather 



190. If we lay our hand upon a table and a book both of the 
same temperature, why does the table produce a stronger sensation 
of cold than the book ? 

191. Under what circumstances will good and bad conductors 
fed equally warm to our flesh ? 

192- Why does flannel clothing prevent our feeling cold ? 
193. Under what circumstances, or when would a flannel dresii 
produce a contrary effect in our feelings ? 

5 
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it keebs lis vrarnf, and if the weattier were bottef (ban oar bodies, 
it woald keej us cool. 

Mrs, B, /The most dense bodie^re, generally speaking, the best 
conductors of heat ; probabl weca^se the denser the body the great- 
er are^e Dumber of points or particles that corae in contact with 
calori^ At the common temperature of the atmosphere, a piece of 
metal will feel much colder than a piece of wood, and the latter 
than a piece of woollen cloth ; this again will feel colder than flan- 
nel ; and down, which is one of the lightest, is at the same time one 
of tiie warmest bodies.* * 5 

CaroHne. This is, I supoose, the reason that the plumag^e of birds 
preserv^es them so effectually from the influence of cold in winter.^ 

JIfrs. B. Yes ; but thousfh feathers in general are an excellent 
preservatire against cold, down is a kmd of plumage, peculiar to 
aquatic birds, and covers their chest which is the part most ex- 

{>osed to the water ; for though the surface of the water is not of a 
ower temj^rature than the atmosphere, yet^t is a better conduc- 
tor of heaQit feels much colder, consequently the chest of the bird 
requires a warmer covering than any other part of its body. Be- 
sides, the breasts of aquatic birds are exposed to cold, not only from 
the temperature of the water, but also from the velocity with which 
the breast of the bird strikes agfainst it ; and likewise from the rap- 
id evaporation occasioned in that part by the air against which it 
strikes, after it has been moistened by dipping from time to time 
into the water. 

If you bold a finger of one hand motionless in a gla|s of water, 
and at the same time move a finger of the other hand swiftlr through 
water of the same temperature, a different sensation will be soon 
perceived in the different fingers.f 

Most animal substances, especially those which Providence has 
assigned as a covering for animall, such as fur, wool, hair, skin, 
&c.%re bad conductors of heatAand are, on that account, such ex- 
cellent preservatives against tire inclemency of winter, that our 
warmest apparel is made of these materials. 

* One reason, why fur, down, &c. conduct heat so badly, is, that 
\^ey contain a large quantity of air, which is a worse conductor 
than the materials themselvesV-C, 

f The reason seems to be, tfaat/ihe finger, when it is still, warms 
the water hi contact with it ; while the one that is stirring is con- 
stantly exposed to fresh applications of coloVC. 

194; What bodies are generally considered the beat condnctors 
of caloric ? 

195. Why are dense "bodies the best oonducUirs ? 

196. If the surface of water is not of a lower temperature than 
the atmosphere, why does it feel colder ? 

197. whjT are fnr, hair, wool, and down, good preserratives 
against the inclemency of winter ? 

198. Why are they bad eenduetan (f calorie ? 

199. If you fyoldajinger of one hand motionUta in a gUus of vHt- 
^v and at the tame time move a Jmger of the other hand noiftlu 
ffmugh water of the same temperature^ why is a different sensatiA 
vrodueedf 
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Emili/. Wood id, I dare sa^, not so good a conductor as metal, 
and it is for that reason, no doubt, that silver tea-poU have always 
woodeo handles. 

jtfr*. B, Yes; and it is the facility with which metals conduct 
caloric that made you suppose that a silver pot radiated more calor- 
ic than an earthen one. The silver pot is in fact hotter to the 
hand when in contact with it ; butnt is because its conducting powr 
er more than counterbalances its deficiency in regard to r:«diafion^ 

We have observed that the most dense bodies are in general the 
best conductors ; and metals you know, are ef that class. Porous 
bodies, such as the earths, and wood* are worse condu^ors, chiefly, 
I believe,^ account of their pores being filled with aiA for air is a 
remarkaOTjr bad conductor. 

Caroline, It is a very fortunate circumstance that air should be 
a bad conductor, as it tends to preserve the heat of the body when 
exposed to cold weather. 

Mrs, B. It is one of the many benevolent dispensations of Prov- 
idence, in order to soften the inclemency of the season, and to ren- 
der almost all climates habitable to man 

fTD fluids of different densities, the power of conducting heat va- 
ries no less remarkabl>'l if you dip your hand into this vessel full 
of mercury, you will s^rcely conceive that its temperature is not 
lower than that of the atmosphere. 

Caroline. Indeed I know not how to believe it, it feels so extreme- 
ly cold. But we may easily ascertain its true temperature by the 
thermometer. It is really not colder than the air ; itte apparent 
diflfereoce then is produced merely by the diflerence of the conduct- 
ing' powerfia mercury and in air. 

Jlfr#. BvYea ; hence you may judge how little the sense of feel- 
ing is to be relied on as a test of tl^ temperature of bodieSy and 
bow necessary a thermometer is for that purpose 

It has indeed been doubted whether fluids have the power of con- 
ducting caloric in the same manner as solid bridies Count Rum- 
ford a very few years since, attempted to prove by a variety of ex- 
periments, that fluids when at rest, were not at all endowed with 
this property. 

Caroline, How is that possible, since they are capable of impart- 
ing cold or heat to us ; for if they did not conduct heat, they would 
neither rake it from, nor give it to us? 

Mrs. B. Count Bumfonj did not mean to say that fluids wouki 
not communicate their heat to solid bodies ; but onlv that heat does 
not pervade fluids, that is to say is not transmitted from one parti- 
cle of a fluid to another, in the same manner as in solid bodies. 

Emily. But when you heal a vessel nf water over the fire, if the 
particles of water do not communicate heat to each other, how does 
the water become hot throngbout P 



200 Why does a silver tea-pot feel hotter to the hand than an 
earthen one ? 

201. Why are wood and earths bad conductors of it ? 

S02. Have fluids of different densities the same power of con- 
ducting caloric ? 

903. Oog^t the sense of feeling to be relied on as a test of the 
temperature o^ bodies? Why .^ 
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Mrt, B.(bj constant agitation. Water, as yt>a hare seen, ex- 
pands by beat, in the same manner as solid bodies ; tHe heated par- 
ticles of water, therefore, at the bottom of the vessel, being spe- 
cifically liehter than the rest of the liquid, and consequently ascend 
to the surrace, where, parting with some of their heat to the colder 
atmosphere, they are condensed and giro way to a fresh succession 
of heated particles ascending from the bottom, which, baring 
thrown off their heat at the surface, are in t^eir turn displaced.— 
Thus every particle is successively heated at the botton, and cool- 
ed at the surfiaice of the liquid ; but as the fire communicated heat 
more rapidly than the atmosphere cools the succession of surfaces, 
the whole of the liquid in time becomes heatedj 

CaroHne. This accounts most ingeniously for the propagation of 
heat upwards. But supposing you were to heat the upper surface of 
a liquid, the particles being specifically lighter than those below, 
could not descend ; how therefore would the beat be communicated 
downwards ? 

Mrt. B, If there were no agitation to force the heated surface 
downwards. Count Rumford assures us that the heat would not de- 
scend. In proof of this he succeeded(!n making the upper surface 
of a vessel of water boil and evaporate'^while acakeof ice remain- 
ed frozen at the bottom?) 

Caroline. That is ver/ extraordinary indeed ! 

Mrs. B. It appears so, because we are not accustomed to heat 
liquids by their upper surfiau;e ; but you will understand this theory 
better if I show you the internal motion that takes oJace in liquids 
when they experience a change of temperature. (The motion of 
the liquid itself is indeed invisible from the extreme minuteness of 
its particles ; but if you mix with it any coloured dust, or powder, 
of nearly the same specific gravity as the liquid, you may judge or 
the mternal motion of the latter by that of the colored dust it con- 
tainsS-Do you see the small pieces of amber moving about in the 
liquia contained in this phial? 

Caroline. Yes, perfectly. 

Mrs. B. We shall now immerse the phial in a glass of hot water, 
and the motion of the liquid will be shown by that which it commu- 
nicates to the amber. 

Emily. I see two currents, the one rising along the sides of the 
phial, the other descending in the centre ; but I do not nderstand 
the reason of this. 

* Dr. Thomson says — <*^11 fluids, however, are capable of con- 
ducting caloric ; for when the source of heat is applied to their sur- 
face, the caloric gradually makes its way downwards, and the tem- 
perature of every stratum gradually diminishes from the surface to 
the bottom of the liquiy'— C. 

904. How are fluids heated, when placed over the fire ? 
206. By what experiment did Count Rumford attempt to prove 
that fluids do not conduct caloric downward ? 

806. WKai vmt Dr. Thommm^B opiniiBn on this ntbfeei ? 

807. What experimentshows the internal motion that takes place 
in liquids when they experience a change of temperature ? 
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Mr*, B, mie hot water communicates its oaloric, throngli the 
mediam of the phial, to the particles of the fluid oearest to theglau ; 
these dilate and asceud laterally to the surface, wher»« in parting 
with their heat, they are condensed, and in descending*, form the 
central currenft 

Caroline, TMI is indeed a yery clear and satisfactory experiment ; 
but how much slower the currents now move than they did at first ? 

Mr* ^ It is oecause the circulation of particles has nearly pro- 
duced an equilibrium o temperature between the liquid m the 
glass and that in the phHU. ;• 

CftroHne. But these communicate laterally, and I thought that 
beai in liquids could be propagated only upwards. 

Mrs. B. You do not take notice that the heat is imparted from 
one liquid to the other, through the medium of the phial itself, the ex- 
ternal sur^e of which receives the beat from the water in the 
glass, whilst its internal surfoce transmits it to the liquid it contains, 
riow take the phial out of the hot water, and observe the effect of 
its cooline, 

.Bifw/y.rThe currents are reversed^ the external current now de- 
scends, ^d the internal one' riscsV^I g^uess the reason of this 
change ;^e phial being in contact'^with cold air instead of hot 
water, the external particles are cooled ir.stead of being heated ; 
they therefore descend and force up the central particles, which, 
being warmer, are consequently ligbtei^ 

JVfr«. B. It is just so ; Count Knmford^ hence infers, that no alter- 
ation of temperature can take place in a fluid, without an internal 
motion of its particles ; and as this motion is produced only by the 
comparative lerity of the heated particles, heat cannot be propaga- 
ted downwards. 

But though I believe that Count Rumford'b theory as to heat being 
incapable of pervading fluids is not strictly correct, yet there is, no 
doubt, much truth in his observation, that the communication is mar 
teriallv promoted by a motion of the parts ; and this accounts (or 
the cold that is found to prevail at the bottom of the lakes in Smt- 
zerland, which are fed by rivers issuing from the snowy Alps. fThe 
water of these rivers being colder, and therefore more dense 
than that of the lakes, subsides to the bottom, where it cannot be 
affected by the warmer temperature of the surfoce ; the motion (rif 
the waves may communicate this temperature to some Httle depth, 
hut it can descend no further than the agitation extends^ 

£m%. But when the atmosphere is colder than the^lake, the 
colder surface of the water will descend, for the very reason that 
the warmer will not. 

Mtt, B, Certainty ; and it is on this account that nether a lake, 
nor any body of water whatever, can be frozen untilevery particle 

908. Why does one of the currents rise along the side of the 
phial and the other descend in the centre, when the phial is immers- 
ed in hot water ? 

909. If the phial be taken out of the hot water what will be the 
ei&et? 

SIO. What is the reason of this clmige i 
tti. Why does cold prevail at the bottom of th^ lakes in Swit- 
z«tedo;hicb are fed by the rivers issuing from the snowy Alps ? 
WL When it a lake or any colleotioii of water frozen ? ^i 
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of the w&ter has riten to the rarfece to me off its caloric to thecolder 
atmosphere ; therefore the deeper a hody of water is, the longer 
will be the4ime it requires to be froze^ 

Emily. But if the temperature of m whole body of water be 
brought down to the freezing point, why is onl^r the surface frozen P 

Jtfrr. B, The temperature or the whole body is lowered, but not to 
the freezing point. The diminution of heat, as you know, produces 
a contraction in the bulk of fluids, as well as of solids. This, effsct, 
howeyer, does not take place in water below the temperature of 40 
degrees^hich is 8 degrees above the freezing point At that tem- 
perature, thereforefihe internal motion, occasioned by the increased 
specific gravity of the condensed particles, ceases ; fot when the 
water atthe surfiace no longer condenses, it will no longer descend, 
and leave a fresh sur£u:e exposed to the atmosphereV this surface 
alone, therefore, will be further exposed to its severity^and will soon 
be brought down to the freezing point, when it becomes ice^ wbicfe 
being a bad conductor of heat, preserves the water beneath a loog 
time, from beins^ affected by the external cold. 

Caroline. And the sea does not freeze, I suppose, because its^depth 
is so great, that a frost never lasts long enough to bring down the 
temperature of such a gpreat body of water to 40 degrees ? 

Mrs, B. That is one reason why the sea, as a large mass of water, 
does not freeze. But, independently of this, ^alt water does not 
freeze till it is cooled much below|32 degrees, ahd with respect to 
the law of condensation, salt water is an exceptipn, as it condenses 
even many degrees below the freezing pointN (When the caloricof 
fresh water, therefore, is imprisoned \y the ice on its surface, the 
ocean still continues iJirowing off heat into the atmospher^ which 
is a most signal dispensation of Providence to moderate tlmntensi- 
ty of the cold in winter. 

Caroline, This theory of the non-conducting power of liquids, 
does not, I suppose, hold good with respect to air, otherwise the at- 
mosphere would not be heated by the rays of the sun passing 
through it ? 

Mrs.B. Norisitheatedinthat way. The pure atmosphere is a 
perfectly transparent medium, which neither radiates, absorbs, nor 
conducts calonc, but transmits the rail of the sun to us without in 
any way diminishing their intensity. \Tbe air is therefore not more 
heated* oy the sun's rays passing throbeh it, than diamond, glasa, 
water, or any other transparent mediuw' ^ v 

Caroline, That is very extraordinary f Are glas^ windows not 
heated then by the «an shining on them ? 

^oshow still better that transparent media are not heated by 
the tvys of the sun, throw the focus of a burning lens into a veatel 
cf clear water. No effect on the temperature will be produced ; 
but if an opake body, as a piece of cork be introduced under the 
focus, the water at this point instantly begins to boil>— €. 

313. Why does water first freeze at the surfoce ? ^ 
S14. Why does not the surfiK^ of the sea freeze? ' 
215. What moderates the intensity ^ the cold in winter ? 

516. Is the atmosphefe heated by the rays of the sun passing 
through it ? 

517. }VM experimeni mmUnud in the nole, pr$Hi thai iran^a- 
rent media are not heated by the rifys tf the tun} by Google 
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JIfrf . jB. Ko ; not if the glass be perfectly transpareDt. A most 
conyincing proof that glass traosmits the rays of the sun without 
being heatea by them, is afforded by the burning lens, which by con- 
verging the rays jto a focus will set combustible bodies on fire, 
without its own temperature being raised. 

Emify. Yet, ^rs. B., if I hold a piece of glass near the fire, it is 
almost immediately warmed by it ; the glass therefore must retain 
some of the caloric radiated by the fire. Is it that the solar rays 
alone pass freely through the g^lass without paying tribute ? It seems 
unaccountable that the radiation of a common fire should have 
power to do what the sun's rays cannot accomplish. 

Mrs, B. It is not because tneirays from the fire hayemore power, 
. but rather because they haye less, that they heat glass and other 
transparent bodies. It is true, however, that as you approach the 
source of heat the rays being nearer each other, the heat is more 
condebsed, and can produce effects of which the solar rays, from 
the great distance of their source, are incapable.— Thus we should 
find it impossible to roast a joint of meat by the sun's rays, though 
it is so easily done by culinary heat Yet Acaloric emanated from 
burning bodi^which is commonly called etamary hetit, has neither 
the intensity oor the Telocity of solar rays. All caloric, we have 
said, is sapposed to proceed originally from the sun : but after hav- 
ing been incorporated with terrestrial bodies, and ag[ain given out 
by them, though its nature is not essentially altei^, it retains nei- 
ther the intensity nor the velocity with which it first emanated from 
that luminary ; it has therefore not the power of passing Ibrough 
transparent mediums, such as glass and water, without bieing par- 
tially retained by those bodies. 

JEms/y. I recollect ^9Lt in the experiment on the reflection of 
heat/tlie rlass screen which you interposed between the burning 
taper- and mirror, arrested the rajs oc caloric, and suffered only 
those of light to pass through iU 

Caroline. Glass windows* then, thouf^ they cannot be heated by 
the sun shininr on them, may be heated internally by a fire in the 
room ? But, Mrs. B., since the atmosphere is not- warmed by the 
sdar rays passing through it, how does it obtain heat ? for all tile 
fires that are burning on the surface of the earth would contribute 
very littletowards warming it. 

jSms/y.fThe radiation of heat is not confined to burning bodies ; 
for all bodies, you know, have that property : therefore, not only 
every thingnipon the surface of the earth, but the earth itself, must 
radiate hesT^and this terrestrial caloric, not havinjg, T suppose, suf- 
ficient power to traverse the atmosphere, communicates heat to it. 

•Xfrr. B. Your mference is extremely well drawn, Emily : but the 
foundation on which it rests is not sound : for the fact is, that terres- 
trial or culinary heat, though it cannot pass through the denser 
transparent mediums, such as glass or water, without Toss, traverses 
the atmosptneire completely ; so that all thefbeat which the earth 
J - ■ -- 

218. What is culinary heat .' 

219. Why does fire beat glass, when the sun does not ? 

220. To what experiment is allusion here made illustrative of 
1^ subject? 
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radiates, tuileas it meet with clouds'" or znj foreigo bod^ to inter- 
cept its passage, passes loto the distaot regions of the UDiverseS 
Caroline What a pity that so mach heat should be wasted \^ 
Mrs, B> Before you are tempted to object to aoy laiir of nature, 
reflect whether it may not prove to be one of the numberless dis- 
pensations of Providence for our good If all the heat which the 
earth has received from the sun since the creation, bad been accu- 
mulated in it,/!fs temperature by this time would, no doubt, have 
been more derated than any human being could have bore^j^ 

Cur&tmt. 1 spoke, indeed, very inconsiderately. But, IVTre. B., 
though the earth, at such a high temperature, might hare scorched 
our feet, we should always have had a cool refreshing air to breathe, 
since the radiation of the earth does not heat the atmosphere- 

Emity, The cool air would have afforded but very insufficient 
refreshment, whilst our bodies were exposed to the burning radia- 
tion of the earth. 

Mrs. B. Nor should we have breathed a cool air : for though it is 
true that beat is not communicated to the atmosphere by radiation, 
yet the air is warmed b^ <x)ptact with heated bodies, in the same 
manner as solids or li^uids.rThe stratum of air which is immediately 
in contact with the earth is^heated by it ; it becomes specifically 
lighter, and rises, making way for another stratum of air, which is, 
in its turn heated aad carried upwards; and thus each successive 
stratum of air is warmed by coming in contact with the eart^ "fou 
may perceive this effect in a sultry day, if you attentively merve 
the strata of air near the surface of the eartn ; they, appear in con- 
stant agitation ; for though it is true the air itself is invisible, yet the 
sun shining on the vapours floating in it, render them visible, like 
the amber dust in the water. The temperature of the sur&ce of 
the earth is therefore the source from whence the atmosphere de- 
rives its heat, though it is communicated neither by radiation, nor 
transmitted from one particle of it to another by the conducting 
power ; but every particle of air must come in contact with the 
earth, in order to receive heat from \i» 

Emily. Wind, then, by agitating the air, should coi^tribute to 
cool the earth and warm the atmosphere, by bringing a more rapid 
succession of fresh strata of air in contact with the earth ? and yet 
in general wind feels cooler than still air. 

Mrs, ^.ffiecause the agitation of the air carries off heat from the 
sur&ce of our bodies more rapidly than still air, bv occasioning a 
greater number of points of contact in a given timeS 

* Every one has observed hojLPppressive the heat is on a foggy, 
or cloudy day in the summer, ^he moisture of the fog absortis the 
heat which the ea|[th radiates, and throws it back upon the earth 



again, and upon us j-C, 



irth 



221. What becomes of the heat which the earth radiates? 

222. What would be the effect if all the heat which the earth has 
received from the sun,8ince the creation,had been accumulated in it^ 

223. Why, in summer, is it particularly hot in cloudy, or foggy 
weather ? 

224. How it the air heated^ tfnot at hai been taid^ bythcrnyt of the 
stmpattiM through ttf 

225. Why it the wind cooliDg to our bodies? ^ i 
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Emilif. Since it is from the earth, and not the sun, that the at- 
mosphere receives its heat, I no longfer wonder that elevated regions 
should be colder than plains and valleys. It was always a subject 
of astonishment to me, that in ascending* a mountain and approach- 
ing the sun, the air became odder instead of being more heated. 

Mrs, B. At the distance of about a hundred millions of miles, 
which we are from the sun, the approach of a few thousand feet 
makes no sensible difference, whilst it produces a very considerable 
effect with regard to the warming of the atmosphere at the surface 
of the earth. ^ 

CaroHne. Yet as the warm air arises from the earth, and the 
cold air descends to it, I should have supposed that heat would have 
accumulated in the upper regions of the atmosphere, and that we 
should havoJelt the air warmer as we ascended. 

Mr8. B. iThe atmosphere you know, diminishes in density, and 
consequently in weight, as it is more distant from the earth ; the 
warm air, therefore, rises only till it meets with a stratum of air of 
its own density ; and it will not ascend into the upper regions of the 
^mosphere until all the parts beneath have been previously heat^ 
vEbc leng^th of summer, even in warm climates, does not heat the aiF 
sufficiently to melt the snow which has accumulated during the win- 
Fig. 6. ter on very high mountains, although tliey 
are almost constantljr exposed to the heat 
df th#snn*s rays, being too much ^leva- 
ted to be often enveloped in cloudsl^ 

JEm%. These explanations ar^ very 
satisfactory ; but allow me to ask you one 
more question respecting the increased 
iev^ty of heated liquids. You said that 
when water was heated over the fire, the 
particles at the bottom of the vessel as- 
cended as soon as heated, in consequence 
of their specific levity ; why does not the 
'same effect continue when the water boils 
and is converted into steam ? and why 
does' the steam arise from the surface, in- 
stead of thfUbottom of the liquid ? 

Mrs. B,.«The steam or vapour does as- 
cend from^e bottom, though it seems to 
arise from the surface of the liquidjf We 
shall boil some water in this Florence 
flask, (Fig. 6.) in order that you may be 
well acquainted with the process of ebul- 
lition : you will then see, through the 
^^^^ ^lass, that the vapour rises in bubbles 
/%7V from the bottom. We shall make it boil 
I / sfc,, by means of a lamp, which is more con- 

B.iungwaterinafu.ko.era ^enieut for thb purposo than thechimney 

Patent Lamp. Ute, 




226. Why is it colder on high hills and mountains than it is in 
^eys, since the former are nearer the sun than the latter, and 
since also it is the nature of the air to rise as it becomes warmed ? 

227. What illustration is mentioned to shew that the air is not 
heated by the sun's rays passing through it ? 

228. Does wate? boil from the top, or from the bottom of a vessel 
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£m%. I see some small babbles asoend, and a^g^reat many appear 
all over the ioside of the flask ; does the water begio to boil already? 

Jtfrf. B. No ; what you now see are babbles of air^hich were 
cither dissolved in the water, or attached to the iaoer sQv&ce ^ the 
flask, and which, being rarefied by the heat, ascend in the watm 

Emily, But the heat which rarefies the air inclosed in the iviter 
mast rarefy the water at the same time ; therefore, if it could re- 
main stationary m the water when both were cold, I do not under- 
stand why it^should not when both are equally heated. 

Mrs. B, A.ir being' much less dense than watef^is more easily 
yarefied ; Uie former, therefore, expands to a greaC extent, whilst 
the latter continues to occupy nearly the same space ; for the wa- 
ter dilates comparatively but very little without changing its state , 
and becoming vapour. Now that the water in the flask begins to 
boiK observe wjiat large bubbles rise from the bottom of it. 

EmUy, I see them perfectly ; but I wonder that they have suffi- 
cient power to force themselves through the water. 

Caroline, They miut rise, you knojL/Trom their specific levit/N 

Mrs, B. You are right, Caroline /hot vapour has not in all If^ 
quids (when brought to the degree or vaporization )the powej of 
overcoming the pressure of the less heated surfacelflvietals, for in- 
stance, mercury exceptedf^evaporate only from ttw surface : there- 
fore no vapour will ascendTrom them till the degree of heat which 
is necessary to form it has reachai the surface ; that is to say, till 
the whole of the liquid is brought to a state of ebullition. 

Emily, I have ooserved that steam, immediately issuing from the 
spout of a tea-kettle, is less visible (ban at a further distance from 
it, yet it must be more dense when it first evaporates, than when 
it begins to diffuse itself in the air. 

M-s, B, When the steam is first formed, it is so perfectly dissolv- 
eo by caloric, as to be invisible. In order, however, to anderstand 
this, it will be necessary for me to enter into some explanation re- 
specting the nature of ^lution. /Solution takes place whenever a 
body is melted in a fluidJ In thisoperation the body is reduced to 
such a minute state of division by the fluid, as to become invisible 
in it and to partake of its fluidity ; but in common solutions this 
happens without any decomposition, the body being only divided in- 
to its integrant particles by the fluid in which it is melted. 

Caroline, It is then a mode of destroying the attraction of aggre- 
gation. 

Mrs. B. Undoubtedly.— the two principal solvent fluids are^a- 
ier and cahricy You may havft observed that if you melt -alt in wa- 
ter it totally disappears, and the water remains clear and transpa- 
rent as before ; yet though the union of these bodies appears so 
perfect, it is not produced by any chemical combination ; both the 

229. Whatcauses those babbles which ascend, and those which 
gather on the inside of a vessel when water is heating .' 
230 Why is air more easily rarefied than water ? 

231. When water begfins to boil why do large babbles rise from 
the bottom ? 

232. Has vapour alwayi the power of overcoming the pcsessure 
of the less heated surface ? 

233. What substances evaporate only from the sor&ce ? 

234. When does solution take place ? 

235. What are the two priacipal Bolrent fluids ? ^ , 
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sdtatdthewiterninaittiittclMa^^; ood if toh were to sepante 
thenrby eraporating^ the latter jyou would fiod the salt in the same 
stated beibffe. > 

EnUly. I suppose that water is a solyent for solid bodies, and ca- 
loric for liooids ? 

Mrs. B, Liquids of course can only be conirerted into yapour by 
caloric. But the solrent power of this arent is not at all confined 
to that ciass of bodies ; a g^eat rariety of solid substances are dis- 
8ol?ed by beat ; thus metaJs, which are insoluble in water, can be 
diMolyed by intense heat, beinj^ first fused or conyerted into a li- 
quid and then rarefied into an myisible yapour. Many other bod- 
ies, such as salt, g^ros, &c. yield to either of these solvents. 

Caroline, And that, no doubt, is the reason why hot water will 
melt them so much better than cold water. 

Mrs, B, It is so. (jCaloric may^ indeed, be considered as hayin? 
in every instance, some share in the solution of a body by wate^ 
since water, howeyerlow its temperature may be, always contain^s 
nu)re or less caloric. 

Emdy, Then, perhaps, water owes its solvent power merely io 
the caloric contained in it. 

Mrs, B, That, probably, would be carrying^ the speculation too 
far ; I should rather think that water and caloric unite their efforts 
tp dissolve a body, and that the difficulty or facility of effecting^ this, 
^epend both on Uie degree of attraction of aggregation to be over- 
come, and on the arranrement of the particles which ^ more or 
less' disposed to be divided and penetrated by the solventj 

Emify. Bqt have not all liquids the same solvent powCT as water? 

Mrs, B. ^e solvent power of other liouids varies accordingto 
their nature, and that of the substances submitted to their actio^V- 
Mobt of th^e solvents, indeed, difier essentially fhwn water, as^ffley 
do not merely separate the integrrant particles of the bodies which 
they dissolve, but attack their constituent principles bj the power 
of chemical attraction, thus producing a true deoompo8ition\ These 
more complicated operations we must consider in another pldke, and 
confine our attention atpresent to the solutions by water and ca- 
loric. 

Cdrohne. But there area varielr of substances which, when dis- 
solved in water, make it thick and muddy, and destroy its transpa- 
fency. 

^Mrs, B. In this case it is not a sdutioa, but simply a mixture. 
I shall show you the diference between a solution and a mixture, 
by putting some commod salt into one g^ass of water, and some 
powder ofchalk into another ; both these substances are white, but 
their dfect on the water will be very diffisrent. 

CaroHne. Very different, indeed! The salt entirely disappears 

S36. After salt has been dissolved in water, can they be separated 
so as to have the salt in the same state, as before it was dissoiyed ? 
By what means ? 

237. Has caloric any influence in the solution of a body by wat«? 

938. On what does die difficulty or ftuciHty of diasomng bodies 
clepend? 

t39. Haye all liquids the same solvettt power as water? 

240, How do these solvents diffisr imn water ? 

241. WhatisthddiffiBreDcebttwMBaacdiitiimaAdaauxtnre? 
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and leave Hie water tranwareat, whilst the ohalk ohanf^ it into 
. an opaque Mquid like mil A 

' Emily* And would laon|» of chalk and salt produce similar effects 
on water ? 

Mrs, B, Yes, but not so rapidly : salt is, indeed, soon melted, 
though in a lamp : but ehalk, which does not mix so readily with 
water would require a much greater lenji^ of time ; I therefore 
preferred showing ^ou the ex|)eriment with both substances redu- 
ced to powder, which does not in any respect alter their nature, but 
facilitates the operation merely by presenting a greater quantity of 
surface to the water. 

I must not forget to mention a,ver3r curious circumstance res- 
pecting solution, which is, that/a fluid is not nearly so much in- 
creased in bulk by holding a boo^ in solution, as it would be, by 
mere mixture with the body^ 

Caroline. How is that pos^le ? for two bodies cannot exist to- 
gether in the same space. 

Mrs. B. Two bodies may, by condensation, occupy less space 
when in union than when separate, and this I can show you by an 
easy experiment 

i^his phial which contains some salt, 1 shall fill with water, pour- 
ing it in quickly, so as not to dissolve much of the salt ; and when 
it IS quite full I cork it. If 1 now sbake the phial till the salt is dis- 
solved, you will observe that it is no longer fulA 

Caroline. I shall try to add a little more sallT But now you see 



Mrs. B. the water runs over. ^ 

Mrs. B. Yes ; but observe that€he last quantity of salt you put 
in remains solid at the bottom, and^displaces the water ; for it has 
already melted all the salt it is capable of holding in solution. This 
is called the point of^turalion; and the water in this case is said to 
be saturated with salt^ 

Emily. I think I viow understand the solution of a solid body by 
water perfectly ; hut I have not so clear an idea of the solution of a 
liquid by caloric. 

Mrs. B. It is probably of a similar nature ; but as caloric is an 
invisible flui^, its action as a solvent is not so obvious as that of wa- 
ter. Caloric, we may conceive, dissolves water and converts it in- 
to vapour by the same process as water dissolves salt ; tbatjis to say, 
the particles of water are so minutely divided by the caloric as to 
become invisible. Thus, you are now enabled to understand why 
the vapour of boiling water, when it first issues from the spout of a 
kettle is invisible ;Dt is so, because it is then completely dissolv- 
ed by caloric. But the air with which it comes in contact, being 
much colder than the vapour, the latter yields to it a quantity of 
its caloric. The particles of vapour being thus in a good measure 
deprived of their solvent, gradually collect, and become visible in 
the form of steam, which is water in a state of imperfect solution^ 
and if you were further to deprive it of its caloric, it would reiurti 
to its original liquid state. 

242. Are fluids equally increased in bulk by the solution and the 
mixture of a solid? 

243. What experiment proves that they are not ? 

244. When is a solvent saturated ? 

245. Why is vapour less visiUe on first rising from a liquid, than 
after having ascended a distance from it ? r^^^^u 
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CaroUne, That I understand rer? well. If you hold a «>ld plate 
over tk tea-urn, the steam issuing from it will be immediately\5on. 
verted into drops of water by parting with its caloric to the plate : 
but in what state IS the steam when it becomes inyisible by beine 
dinused m tbeair? 
^^'f^'rll '^ °°* merely diffused, but is again dissolved by the air. 
T?*^^ Tbeair, then, has asolrent power, like water and caloric. 
Jttrs.B, This was formerly believed to be the case. But it ap- 
pears from more recent enquiries that the solvent power of the at- 
mosphere depfindssoleljppon the caloric contained in it) Sometimes 
llhe watery vapour diffused in the atmospher^is but im|ferfect!y dis- 
solved, as is the case in the formation of clollde and fogs ; but if it 
gets mto a region sufficienilj warm, it becomes perfectly invisible. 
JLmtfy Can any water be dissolved in the atmosphere without 
having been previously converted into vapour by boiliDg ? 

Mrs, B, Unquestionably : and thisconstitutes the difference 
between vaporisation and evaporation OYater, when heated to the 
boiling point, can no longer exist in the form of water, and must 
necessarily be converted into vapour or steam, whatever may be 
the state and temperature of the surrounding medium ; this is called 
vaporization. But the atmosphere, by means of the caloric it con- 
tains, can take up a certain portion of water at any temperature, 
and hold it in a state of solution. This is simply evaporation^ Thus 
the atmosphere is continually carrying off moisture from the sur- 
face of the earth, until it is saturated with it. 

Caroline. This is the case, no doubt, when we feel the atmos- 
phere dam t^ 

Mrs. B,^n the contrary, when the moisture is well dissolved it 
occasions no humidity ; it is onlv when in a state of imperfect so- 
lution and floatiofif in the atimgphere, in the form of watery vaponr, 
that it produces dampnessl «T)i8 happens more frequently in win- 
ter than in summer; for iheiower the temperature of the atmos- 
phere, the less water it can dissolve ; and in reality it never con- 
tains so much moisture as in a dry, hot, summer^s da^ 

Caroline. You astonish me ; but why, then, is the air so dry in 
frosty weather, when its temperature is at the lowest ? 

Emily. This, I conjecture, proceeds not ^ much from the mois- 
ture being dissolved, ^nrom its being frozen^* is not that tbecase^ 
Mrs. B. It is ; and^he freezing of the waftery vapour which the 

* In cold climates, where there is not a cloud to be seen, andlb^ 
sun rises in all his glory, the air is sometimes full of little particles 
of ice fflisteninj^ in every direction, and forming a most beauti/ul 
spectacle. This is owing to the condensation, and freezing of^e 
T^cles of water in the air, by the intense cold. — C. 

^ ■ " i » I ■ I < I Mil II ■!. I I I I, , i H i . 

246. Upon what does tiie solvent power of the atmosphere dqpei^df 
547. What causes fogs ? ' - 

248. What is the diference between vaporatton and eraporizatioa^ 

249. Why does the atmosphere sometimes feel damp? 

250. When does the atmosphere eontain most moisture, io sua- 
wer or winter ? 

251. Why is the air so dry in frosty weather ? 

252. JIow is frost produced ? 

6 
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atmospheric heat could not dissolre, produces what is called a hoar 
frosfl for the particles descend in freezing, and attach themselyes 
to wnaterer they meet with on the surface of the earth. 

The tendency of free caloric to an equilibrium, together with its 
solvent powect ftre likewise connected with the phenomena of rain, 
of dew, &c. When most air of a certain temperature happens to 
l>ass through k cold region of the atmosphere, it parts withaVor- 
tion of its bear to the surrounding air ; the quality of caloric, there- 
fore, which served to keep the water in a state of vapour, being di- 
minished, the watery particles approach each other, and form them- 
selves into drops of waler. which, bein? heavier than the atmosphere 
descend to the eartnl There are also other circumstances, arfd 
particularlv the varitdion in the weight of the atmosphere, the 
changes which take place in its electrical state. Sec, which may 
contribute to the formation of rain This, however, is an intricate 
subject, into which we cannot more fully enter at present. 

Emily, In what manner do you account for the formation of dew ? 




from « 

•oline This precipitation is owing, I 8upposei(to the coohng 
of the atmosphere, which prevents its retaining so great^ quantity 
of watery vapour in solution as during the heat of the dan 

Mrs. B, Such was, from time immemorial, the generally received 
opinion respecting the cause of dew : but it has been very recently 

S roved- by a course of ingenious experiments of Dr. Wells, that the 
eposition of dew is produced by the cooling of the surface of the 
earth, which he has shown to take place previously to the cooling 
of the atmosphere ; for on examining the temperature of a plot of 
grass just before the dew-fall, be found that it was considerably 
colder than the air a few feet above it, from which the dew was 
shortly after precipitated. 

Emily, But why should the earth cool in the evening sooner than 
the atmosphere ? 

Mrt, B.^ecause it parts with its heat more readilv than the air; 
the earth is an excellent radiator of caloric, whilst the atmosphere 
does not possess that property, at least in any sensible degree^ To- 
wards evening, therefore, when the solar heat declines, ann when 
after sun set it entirely ceases, the earth rapidly cools by radiating 
heat towards the skies; whilst the air has no means of parting with 
its beat but by coming into contact with the cooled surface of the 
earth, to which it communicates its caloric. Its solvent power be- 
ing thus reduced, it is unable to retain so largfe a portion of watery 
vapour, and deposits those pearly drops which we call dew. 
' Emily, If this be the cause of dew, we need not be apprehensive 
of receiving any injury from it ; for it can be deposited only on sur- 
faces that are colder than the atmosphere, which is never the case 
with our bodies. 
Mrs, B, Very true ; yet I would not advise you for this reason to 

253 How is rain formed ? 

d54- In what manner do you account for the formation of^ew ? 

255. To what is the precipitation owing Uiat takes place in the 
productiooof dew ? 

256. Why does the earth cool vooner in the evening than the at- 
mosphere ? 

257. What ill effects may result from dew to health? i 
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be too confideat of etcaping all the ill effects which may arise from 
exposure to the dew ; for it may be deposited on your clothes, and 
chill you afterwards by its evaporation from them. Besides^hen- 
ever the dew is copious, thei^ is a chill in the atmosph^e which is 
not always safe to encounter/ . 

Caroline. Wind, then, should promote the deposition of dew,&y 
bripg'iog a more rapid succession of particles ot air in contact witn 
the eartbjiust as it promotes the cooling' of the earth and warming 
oflhe atiftspbere during the beat of the day ? 

Mrs, B. This may be the case in some degree, provided the agi« 
tation of the air be not considerable ; for when the wind is strone^, 
it is found that less dew is deposited than in calm weather, especiau- 
ly a the atmosphere be loaded with clonds. These accumulations 
of moisture not only prevent the/ree radiation of the earth towards 
the upper regions, but themselves radiate towards the earth ; for 
whic^reasons much less dew is formed than on fine clear nights, 
whenfhe raliation of the earth passes without obstacle through the 
atmosphere to the distant regions of space, whence it receives no 
caloric in exchange^ The dew continues to be deposited during the 
night, and^ generally the most abundant towards morning, when 
the contrast l^tween the temperature of the earth, and that of the 
air is greatest^ After sunrise the equilibrium of temperature be- 
tween those two bodies is gradually res;ored by the solar rays pass- 
ing freely through the atmosphere to the earth ; and later in the 
morning the temperature of the earth gains the ascendancy, and 
gives out caloric to the air by contact, in the same mauner as it re- 
ceives it from the air during the niffht. 

Can you tell me, now, why a bottle of wine taken fresh from the 
cellar (in summer particularly,) will so'm be covered with dew; 
and even the glasses into which the wine is poured will be mois* 
tened with a similar vapour ? 

EmUy> frhe bottle being colder than the surrounding air, most 
absorb calOTic from it ; the moisture, therefore, which that air con- 
tained becomes visible, and forms the dew which is deposited on 
the bottlei 

Mrs, Bz Very well, Emily. Now, Caroline, can you inform me 
why, in a warm room, or close carriage, the contrary effect takes 
place : that is to say, that the inside of the windows is covered with 
vapour? 

Caroline. I have heard thatat proceeds from the breath of those 
within the room or the carriage ; and I suppose it is occasioned by 
the windows which, being colder than the breath, deprive it of part 
of its caloric, and by this means convert it into watery vapou7| 

Mrs. B. You have both explained it extremely well. iBodtes at- 



258. When does wind promote the deposition of dew ? 

259. VVhy does more dew accumulate in a clear night than when 
it is cloudy ? 

260. When is the dew most abundant, and why is it then most 
abundant ? 

2fol. Why is a tumbler or bottle filled with cold water covered 
with moisture in a warm day ? 

262. Why in a warm room or in a close carriage does moistuve 
CQlLect on the inside of the windows ? 

263. Why does less dew collect on rocks and sands^than ongrass 
aud vegetables ? r^ i 
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* 
tract dew io proportion as the^ are good radiators of caloric, as it is 
this aualitjr which reduces their temperature below that of the at- 
mospher^ hence we find that little or no dew is deposited on 
rocn, sfldra, or water ; while g^rass and livings regetables, to which 
it is so highly beneficial, attract it in abundance-— another remark- 
able instance of the wise and bountiful dispensations of ProFidence. 
EmUtf. And we may ag^n observe it in the abundance of dew in 
summer, and in hot climates, when its cooling effects are so much 
required ; but I do not understand what natural cause increases 
the dew in hot weather ? 

Mrs, jET.fllie more caloric the earth receires during the day, the 
more it wilnr^diate afto' wards, and consequently the more rapidly 
its temperature will (>ereduced in the evening, in comparison to 
that of the atmosphere!^ In the West Indies especially, where the 
intense heat of the day^s strongly contrasted with the coolness of 
the evening, the dew is prodicnpuslv abundant. During a drought, 
the dew i' less plentiful, aslj^be earth is not sufficiently supplied 
with moisture to be able to saturate the atmosphere^ ^ 

Caroline, 1 have often observed, Mrs. B., that when 1 walk out 
in frosty weather, with a veil over my face, my breath freezes upon 
it. Pray what is the reason of that ? 

Mrs, B, It is because the cold air immediately seizes on the calo- 
ric of your breath, and, by robbing it of its solvent, reduces it to a 
denser fluid, which is the watery vapour that settles on your veil, 
and there it continues partiufp with its caloric till it is brought down 
to the temperature of the atmosphere, and assumes the form of ice. 
You may, perhaps, have observed that the breath of animals, or 
rather the moistvire contained in it. is visible in damp weather, or 
during a frost. ' In the former case, the atmosphere being oversatn- 
rated with moishire can dissqlye no more. In the latter, the cold 
condenses it into visible vapoury and for the same reason, the steam 
arising from water that is warmer than the atmosphere, becomes 
visible. Have you never taken notice of the vapour rising from 
your hands after having dipped them into warm water ? 
Caroline, Frequenily, especially in frosty weather. 
Mrs, B. ^ e have already observed that pressure is an obstacle 
to evaporation : there are liquids which contain so great a quantity- 
of caloric, and whose particles consequently adhere so slightly to- 
gether, that they may be rapidiv con verted into vapour without any 
elevation of temperature, merely\by taking off the weight of the at- 
mosphere/ In such liquids you perceive, it is the pressure of the 
atmosphere alone that connects their particles, and keeps them in 
a liquid state. 

Caroline, I do not well understand why the particles of such flu- 
ids should be disunited and converted into vapour, without any el- 
evation of temperature, in spite of the attraction of cohesion. 
Mrs, B, it is because the degree of heat at which we usually 



364. Why does more dew collect in summer and in cold climates, 
than in winter and warm climates ? 

365. Why is there a small quantity of dew in a time of drought f 

266. Why is the moisture contained in the breath of animals vi- 
sible in damp weather, or during a frost ? 

267. How are certain liquids, which contain a great deg^ree of ca- 
loric, converted into vapour, without any increase of temperature ? 
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obserre these fluids itsofficient to orereome theii* attractkui of co- 
hesioo. Etberis of this description ; it will boil an^ be conTerted 
intoTapour, at the eommon temperature of the airJif the pressiire 
of the atmosphere be taken offj 

Emily. I thought that etherVould evaporate without either the 
pressure of the atmosphere being taken away, or heat applied ; and 
that it was for that reason so necessary to keep^it carenillT oorked 
up. 

Jifrs. B. It is true it will evaporate, but without ebullition ; what 
I am now speaking of is the vaporization of ether, or its conversioo 
into vapour by boiling. I am going to show you hpw suddenly the 
ether in this phial will be converted into vapour^^y means of the 
air pumpX-Observe with what rapidity the bubmes ascemJ, as 1 
take off tne pressure of the atmosphere, 

Caroline. It positively boils : how singular to see a liquid boil 
without heat ! 

Mrs B. Now I Fig 7 

shall place the phial Pneumatic Pump. 

of ether in this glass, 
which it nearly fills, 
so as to leave only a 
small space,which I 
fill with water ; and 
in this state I put it 
again under the re- 
ceiver.* — You will 
observe, as 1 ex- 
haust the air from 
it, that whilst the 
ether boils, the wa- 
ter freezes ! 

Caroline. It is in- 
deed wonderful to 
see water freeze in 
contact with a boil- 
ing fluid! 

Emily, I am at a 
loss to conceive how 
the ether can pass to 
the state of vapour, 

without an addition j-ig. 1. £thcr «Ttpont«a, kocI water frewn in the air pom^—A 
of caloric. Does it Ku»l «t Eth*r.— B. Glm v*m^\ conUiBiof irrter — O. C. Thef- 
not contain more momun. o.e« the EU-mh. other in th. water 

cabric in a state of vapour, than in a state of liquidity f 

* Two pieces of thin gtess tubes, sealed at one end, might" answer 
this purpose better. The experiment, however, as here descnbed, 
U difficult, and requires a Very nice apparatus. But if, instead of 
phials or tubes, two watcti glasses be used, water may be frozen al- 
most instantly in the same manner The two glasses were placed 
orcr oneanother,witbafew drops of water interposed between them, 
?iid the uppermost glass is fiU ed with ether. After working the 

<68. How can ether be made to boU without the application of 
caloric? . , 

9W. How is the experiment made 
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Jtfr«. S. It certainly does : for thoi^ it is the pressure of the 
atmosphere which condenses it into a liquid, it is by forcing^ out the 
caloric that belongrs to it whei^a an aeriform state! 

Emily. You. have therefore,Hwo difficulties to c&plain, Mrs. B. 
First, whence the ether obtains the caloric necessary to convert it 
into Tapour, when it is relieved from the pressure of the atmosphere; 
and, secondly^ what is the reason that the water, in which the bot- 
tle of ether stands, is frozen ? 

Caroline. Now, I think I can answer both these questions. The 
ether obtains the addition of caloric required, from the water in the 
glass ; and Abe loss of the caloric which the latter sustains, is the oc- 
casion of it^freezin^ 

J^rs. B. You are perfectly right ; and if you look at the ther- 
mometer which 1 have placed in the water, whilst 1 am working 
the pump, you will see that every time bubbles of vapour are pro- 
duced, the mercur> descends ; which proves that the heat of the 
water diminishes in proportion as the ether boils. 

EmiJtif* This 1 understand now very well; but if the water freezes 
in consequence of ]^ielding its caloric to the ether, the equilibrium 
of heat must, in this case be totaHy destroyed. Yet you have told 
us, that the exchange of caloric between two bodies of equal tem- 
perature, was always equal ; how, then, is it that the water, which 
was originally of the same temperature as the ether, gives out calo- 
ric to it, till the water is frozen and the ether made to boil ? 

Mn- B. I suspected t^t you would make these objections ; and, 
in order to remove them,(i enclosed two thermometers in the air- 
pump ; one of which stands in the glass of water, the other in the 
phial of ether ; and you may see that the equilibnum of tempera- 
ture is not destroyed ; for as the thermometer descends in the wa- 
ter, that in the ewer sinks in the same manner ; ao that both ther« 
mometers indicate the same temperatuj:e, though one of them is in 
a boiling, the other in a freezing liquid^ 

Emilt/. The ether, then, becomeir d'older as it boils? This is so 
contrary to common experience, that I confess it astonishes me ex- 
ceedingly. 

Caroline. It is, indeed, a most extraordmary circumstance. But 
pray how do you account for it ? 

Jkrs. B. I cannot satisfy your curiosity at present ; for before 
we can attempt to explain this apparent paradox, it is necessary to 
become acquainted with the subject of latxnt heat : and that, I 
think, we must defer till our next interview 

Caroltne. I believe, Mrs. B., that you are glad to put off the ex- 
planation ; for it must be a very difficult point to account for. 

Jlfr«. B. I hope, however, that 1 shall do it to your complete sat* 
isfoction. . 

^mily. But before we part, give me leave to ask yon one qnes- 



270. In what state does ether exist when the pretrare of the at- 
mosphere is taken off P 

271 . Why does the evaporation of ether freeze water ? 

272. What experiment is made with water and ether, and two 
thermometers ? 
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iioo. Would not water, as well as ether, boil wiib less heat, if de- 
pri?ed of the pressure of the atmosphere ? 

JVr*. B. Undoubtedly You must always recollect that there 
are tw^orces to oyercome, in order to make a liquid boil or evap- 
orate ; fihe attraction of ag^reg^atioo, and the weight of the aflmos- 
phere^ l&n the summit of a high mountain (as M. De Saussureas- 
certanied on Mount Blanc,] much less heat is required to make 
water boil, than in the plain where the weight of the atmosphere is 
g^eate^^l' Indeed, if the weight uf the atmosphere be entirely re- 
moved ffy means of a good air pump, and^f water be placed in the 
exhausted receiver, it will evaporate so fal^, however cold it may 
be, as to give it the appearance of boiling from the surfaced But 
without the assistance of the air-pump. I can show you a vety pret- 
ty experiment, which proves the effect of the pressure of the at- 
m^phere in this respect. 

Reserve that this Florence flask is about half full of water, and 
the upper half of invisible vapor, the water being in the act of boil- 
iog. 1 take it from the lamp, and cork it carefully — the water, you 
see, immediately ceases boiling. 1 shall now dip the flask into a 
basin of cold water^ 

Caroline. But looK Mrs. B. the water begins to boil again, al- 
though the cold water must rob it more and more of its caloric I 
What can be the reason of that ? 

Mrs, B. Let us examine its temperature. ' You see the thermom- 
eter immersed in it remains stationary at 180 degrees, which is 
about 30 degrees below the boiling point. When I took the flask 
from the lamp, I observed to you that the upper part of it was fill- 
ed with vapor ; this being compelled to yield its caloric to the cold 
water, was again condensed into water. What then filled the up- 
per part of the flask ? 

Emily. Nothing ; for it was too well corked for the air to gain 
admittance, and therefore, the upper part of the flask must be a 
vacuum. 

Mrs. B. The water below, therefore, no longer sustains the 

{>ressure of the atmosphere, and will consequently boil at a much 
ower temperature. Thus, you see, though it had lost many degrees 
of heat, it began boiling again the instant the vacuum was formed 
above it. The boiling has now ceased, the temperature of the water 

* On the top of Mount Blanc, water boiled when heated only to 
' 1 87 degrees, instead of 2 1 2 degrees. 

f The same effect may be produced by wrapping a cold wet linen 
cloth round the upper part of the fls^k. In order to show you how 
mach the water cools whilst it is boiling,a thermometer graduated on 
the tube itself, may be introduced into the bottle through the cork.-C 



273. What two forces are to be overcome in order to make a li- 
qaid boil or evaporate ? 

274. Why does it require the application of less caloric to boil 
water on a high mountain than on low land ? 

Sf75. What is the appearance of water when placed in an ex* 
bauttod receiyer I 

276. What experiment is mentioned to show how the boiling of 
liqtuds is efilBCted by atmospherical pressure ? 
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beiof still farther reduced; if it had been etber instead of water, it 
would have continued boilingf much lon^^er, for etber boils under 
the usual atmospheric pressure, at a temperature as low as iOO de- 
crees ; and in a vacuum it boils at almost any temperature; but 
water beiog- a more dense fluid, requires a more considerable quan- 
tity of caloric to make it CTapoi'ate quickly, even when the press- 
ure of the atmosphere is removed. 

Emily, What proportion of vapour can the atmosphere contain 
in a state of solution ? 

Mrs jB. I do not know whether it has been exactly ascertained 
by experiment ; but at any rate^is proportion must vary, accord- 
ing' lo the temperature of the annosphere ; for the lower the tem- 
perature, the smaller ^U9t be the proportion of vapor that the at- 
mosphere can containX 

To conclude the yibject of free caloric, I should mention Ignition, 
by which is meantuhat emission of lig^ht which is produced in bod- 
ies at a verv high temperature, and w^ich is the effect of accumu- 
lated caloric^ 

Emily. You mean, I suppose, that light which is produced by a 
buroing body. 

Mrs. B. No ; ignition is quite independent of combustion. — 
Cla} , chaUf , and indeed all incombustible substances may be made 
red hot. ^When a body burns, the light emitted is the effect of a 
chemical chauge which takes place, whilst ignition is the effect of 
caloric alone, and no oth^r change than that of temperature is pro- 
diKiod in the ignited bodyj 

^11 solid bodies, and mdst liquids, are susceptible of ignition'^r 
i#t)ther words, of being heated so as to become luminous; and;|^s 
remarkable that this takes place pretty nearly at the same tempera* 
ture in all bodies, that is, at about/^0© degrees of Fahrenheit's scaled 
Emily. But how can liquids attsKn so high a temperature, withoUx 
being coojLerted into vapour ? • 

Mrs. B. fey means of confinement and pressure, j Water confin- 
ed in a strong iron vessel (called Papin's digestarC; can have its 
temperature raised to upwards of 400 degrees, ffiir J ames Hall has 
made some very curious experiments on the effebt of heat assisted 
by pressure ; by means of strong gun barrels, he succeeded in melt* 
iog a variety of substances which were considered as infusible ; and 
it IS not unlikely^^hat, by similar methods, water itself might be 
heated to redness^ 

Emily. 1 am surprised at that ; for I thought that the force of 
steam was such as to destroy almost all mechanical resistance. 

Mrs. B. The expansive force of steam is prodigious ; but in or- 
der to subject water to sucli^high temperature, it is prevented by 
confinement from beiog converted intosteam, and the expansion <n 



277. What proportion of vapour can the atmosphere contain in a 
state of solution f 
SIB. What is meant by ignition .' 

279. How does ignition vary from combustion ? 

280. Are liquids susceptible of ignition .' 

281. At what temperature does ignition take place? 

283. How ean the; attain so hign a temperature, without being* 
converted into vapour ? 
' 283. What ezperimenti irert made by Sir James Hall ? 



Digiti^ by Google 



C0MBIN2D CALORIC. 69 

beated water is compamUi^ely trifliDg^. But we haye dwelt so long 
mi the subject of free caloric, that we must reserve the other mod- 
jficatioDs of that agent to our next meeting', when we shall endeav- 
ar to proceed more rapidly. 



CONVERSATION IV. 

ON COMBINED CALOBIC, COMPBEUENDING SPECIFIC AND LA- 
TENT HEAT. 

Mrs, B. We are now to examine the other modifications of ca- 
loric 

Caroline, I am very cnrioas to know of what nature they can 
be ; for I have no notion of any kmd of heat that is not perceptible 
to the senses. 

Mrs, B. In order to enable you to understand them, it will be 
necessary to enter into some jirevious explanations. 

It has been discovered by modern chefnists, thatdbodies of a dif- 
ferent nature; heated to the same temperature, do not contain the 
same quantity of caloric^ 

Caroline. How could^^hat be ascertained ? Have you not told 
118 that it is impossible to discover the absolute quantity of caloric 
which bodies contain ? 

Mrs. B, True ; but at the same time I said that we were enabled 
lo form a judgement of the proportion which bodies hereto each oth- 
er in this respect Thus it is found that, m order to raise the tem- 
perature of different bodies fhe same number of degrees^ilifferent 
quantities of caloric are required for each of them, (if for in- 
stance, you place a pound of lead, a pound of chalk, a^ a pound 
of milk, in a hot oven, they will be gradually heated to the tempe- 
rature of the oven ; but the lead will attain it first, the chalk next, 
atid the milk last\ 

Caroline. Tharis a natural consequence of their different bulks ; 
Ibelead bemg the smallest body, will-be heated soonest, and the 
niuk. which is the largest, will require the longest time. 

Mrs.B. That explanation will not do; for if the lead be the 
east in bulk, it offers also th<» least surface to the caloric, the quan- 
hty of heat therefore, which can enter into it in the same space of 
time is proportionally smaller. 

Emily. Why, then, do not the three bodies attain the temperature 
01 the oven at the same time ? 

Mrs. B. It is supposed to be on acconnt of the different capaci- 
ues of these bodies for caloric. 

Caroline, What do you mean by the capacity of a body for ca- 



284. Do bodies of a different nature heated to the same tempera- 
inre contain equal quantities of caloric ? 

O..J •...^**** ^^cts illustrative of this case mentioned of lead, chalk 
and milk ? 
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Mrt, B, I meam certain dispotitioD of bodies to require morQ^r 
less caloric for raistb^ their temperature to any degree of heauV- 
Perhaps ti^ fact may be tbun cKplaioed : -^ 

Letu^ut as many marbles into this glass as it will contain, and 
pour ssM o?er tbem — observe how the sand penetrates and 
lodges between them. We shall now fill another glass wiih pebbles 
' of various forms — you see that they arrange themselves in a more 
compact manner than the marbles, which being globular, can touch 
each other by a smgle point only. The pebbles, therefore, will not 
admit so much sand between them ; and consequently one of these 

f lasses will aecessarily coniain more sand than the other, though 
oth of them be equally fullj 

Caroline. This I understand perfectly. The marbles and the 
pebbles represent two bodies of different kinds, and the sand, the 
caloric contained in tbem ; and it appears very plain from this com- 
parison, that one body may admit of more caloric between its par- 
ticles than another. 

J^rs. B, You can no longar be surprised, therefore, that bodies of 
a different capacity for calo^-ic should require different proportions 
of that fluid to raise their temperatures equally. 

Emily But I do not conceive why the body that contains the 
most caloric should not be of the highest temperature ; that is to 
say, feel hoLin proportion to the quantity of caloric it contains. 

•Mrt B (The caloric that is employed in fllling the capacity of a 
body is not rree caloric ; but is imprisoned as it were, in the body, , 
and is therefore, imperceptible ; for we can feel only^ the caloric 
which the body parts with, and not that which it retai^^ 

Caroline. It appears to me very extraordinary, thaflieat should 
be confined in a body in such a manner as to be imperceptible. 

Mrs, B. If you lay your hand on a hot body, you feel only the 
caloric which leaves it, and enters your hand ; for at is impossible 
that you should be sensible of that which remains in\he bod^ Tha^ 
thermometer in the same manner, is effected only by the freexalor- 
ic which a body transmits to it, and not at all by that which it does 
not part with. 

Caroline, I begin to understand it : but I confess that the idea of 
insensible heat is so new and strange to me, that it requires some 
time to render it familiar. 

Mrs. B. Call it insensible caloric, and the difficulty *rill appear 
much less formidable. It is indeed a sort of contradiction to call it 
heat, when it is so situated as to be incapable of producing that sen- 
sation. Yet this modification of caloric is commonly called^PECiF- 

IC HEAT^ 

Carolide. But it certainly would have been more correct to have 
called it specific caloric. 



286. What is to be understood by the capacity of a body for ca- 
loric ? 

287. How is this fact explained ? 

288. Why do not bodies that contain most caloric feel hot in pro- 
portion to the quantity of caloric they contain ? 

289. When a body transmits caloric to a thermometer, is the 
thermometer effected by what remains in the body ^ 

290. What is the imperceptible heat which bodies contain called ? 
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Erni^, I do not understuid haw ibe lenn tpecifie applies to this 
niodificatioD of caloric. 

. ■ r* B. It expresses tbe relative quantity of caloric which dif- 
ferent species of bodies of tbe same weight and temperature are ca- 
pable of containing. This modification is also frequently call^ 
heat of cnpaeityi a term perhaps preferable, as it explains better its 
own meanrng. 

You now understand, I suppose, why the milk and chalk required 
a longer portion of time than the lead, to raise their temperature to 
that of the oven .^ 

Emily. Yes ; /the milk and chalk having a greater capacity for 
caloric than the lead, a greater proportion of that fluid became in- 
sensible in those bodies ; and the more slowly, therefore, their tem- 
perature was raised! 

Caroline. But might not this difference proceed from the differ- 
eat conducting powers of heat in these three bodies, since that which 
is the best conductor must necessarily attain the temperature of 
the oven first ? 

Mrs. B Very well observed, Caroline. This objection would be 
insurmountable if we could not, by reversing the experiment,prove 
that the milk, the chalk, and the lead, actually absorbed different 
quantities of caloric, and we know that if the different time they 
took in heating, proceeded merely from their different conducting 
powers, they would each have acquired an equal quantity of caloric. 

Caroline. Certainly But how can you reverse this experiment ? 

Mrs B. It may be done by cooling the several bodies to the 
same degree, in an apparatus adapted to receive and measure the 
caloric which they give out. Thus,nf you plunge them into three 
equal quantities of water, each at tlm same temperature, vou will 
be able to judge of the relative quantity of caloric which the three 
bodies contained, by that, which ^ cooling, they communicated to 
their respective portions of watery for the same quantity of caloric 
which they each absorbed to raisdetheir temperature, will abandon 
them in lowering it : and, on examining the three vessels of water, 
Ton will find the one in which you immersed the lead to be the 
least heated ; that which held the chalk will be the next ; and that 
which contained the milk will be heated the most of all. The cel- 
ebrated Lavoisier has invented a machine to estimate, upon this 
principle, the specific heat of bodies in a more perfect manner ; but 
I cannot explain it to you, till you are acquainted with the next 
modification of caloric. 

Emily. The more dense a body is, I suppose, the less is its capa- 
cityfor caloric? 

Mrs. B. This is not always the case with bodies of different na- 
ture ; iron, for instance, containa more specific heat than tin, though 
itis more dense. This seems to show that specific heat does not 
merely depend upon the interstices between the particles ; but 



S91 . Do all bodieaof Mual woigbt co^t^ia the aame capacity for 
caknric.^ / - ^ -- 

t9e. How is tbe ezpenmeot of the heated lead, chalk, and milk 
explained ? 

293. How caA w« ascertain tbe capacity of a body for caloric i 

S94. On what is the capacity of caloric chiefly depending ? 
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probably, alsonpon sonie pecaliar constitution of the bodies, which 

we do not comprehen'^ 

« Emily. But, iVIrs. Bf^ it would appear to me more proper to com- 
pare bodies by measure, rather tbaa by weighty in order to estimate 
their specific heat. Why, for iustance should we not compare pints 
of milk, of <3halk and of lead, rather than pounds of those substan- 
ces ; for equal weights may be composed of very different quanti- 
ties? 

Mrs* B, Tou are mistaken my dear ;fequal weight must contain 
equal quantities of matter ; and when ^wisb to know what is the 
relative quantity of caloric, which substances of various kinds are 
capable of containing under the same temperature, we must com- 
pare equal weights, and not equal bulks, of those substances. Bo- 
dies of the same weight may undoubtedly be of very different di- 
mensions ; but this does not 'change their real quantity of matl^j) 
A pound of fe.athers does not contain one atom more than a pouSa 
of lead. 

Caroline, I have another di£5culty to propose. It appears to roe 
that if the temperature of the three bodies in the oven did not rise 
equally, they would never reach the same degree, the lead would 
always keep its advantage over the chalk and milk, and would, per- 
haps, be boiling ^lefore the others had attained the temperature of 
the oven. 1 think you might as well say that in the course of time, 
you and I shall be of the «ame age. m 

Mrs. B. Tour comparison is not correct, Caroline. As soon as 
the lead reached the temperature of the oven, it would r^aiu sta- 
tionary ; for it would then give out as much heat as it would receive. 
You should recollect that the exchange of radiating- heat, between 
two bodies of equal temperature, is equal ; it would be impossible, 
therefore, for the lead ta accumulate heat after having attained the 
temperature of the ovenik and that of the chalk and milk, therefore, 
would ultimately arrive fia the same standard. Now I fear that this 
will not hold good with respect to our ages, and that as long as I 
live, I shall never cease to keep my advantage over you. 

Emily, I think that I have found a comparison for specific heat, 
which is very applicable Suppose that two men of eoual weight 
and bulk, but who require dinerent quantities of food to satisfy 
their appetites, sit down to dinner, both equally hungry ; the one 
would consume a much greater quantity of provisions tlian the oth- 
er, in order to be equally satisfied. 

Mrs, B, Yes, that is very fair ; for the quantity of food necessa- 
ry to satisfy their respective appetites, varies in the same manner 
as the quantity of caloric requisite, to raise equally the temperature 
of different bodies. 

Emily. The thermometer, then, affords no indication of the spe- ' 
cific heat of bodies. ,«.^ 

Mrs. B. INone at all) no more than satiety is a test of the quan- 
tity of food eaten. The^hermometer, as I have repeatedly said, can 



295. Why are not bodies compared by measure rather than 
weight to estimate their specific heat ? 

296^ If different bodies have different capacities for caloric, why 
do they not rise to different temperatures in the same atmosphere f 

f97. Does the thermometer afford any indication of the specific 
heat of bodies ? 
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be aiiected only by &ee caloric which alone raiset the temperature 
ofbodies. 

But there is another mode of proving the existence of specific heat, 
which affords a very satisfactory illustration of that modification. 
This, howerer, I did not enlargfe upon before, as I thought it might 
appear to you rather complicated. If youmix two fluids of differMit 
temperataresllet us say the one at 60 degrees, and the other at 100 
degrees, of vniat temperature do you suppose the mixture will be .' 

Caroline. It will be, no doubt, the meaium between the two, that 
is to say. 75 degrees. 

Jdrs, B. That will be the case if the two bodies happen to hare 
the same capacity for caloric ; but if not, a different result will be ob- 
taioed. Thus, for instance, if you mix together a pound of mercury, 
heated at 50 degrees, and a pound of water heated at 100 degrees, 
J))e tempeniture of the mixture, instead of being 7o degprees, will be 
(w degreesj so that the water will have lost only 12 degrees, whilst 
itfe mercaiy will ha?e gained 38 degrees ; from which you will con- 
clude that the capacity of mercury for heat is less than that of water. 

Caroline. I wonder that the mercury should ha?e so little specific 
heat. Did we not see it was a much better conductor of heat than 
water ? 

Mrs. B. And it is precisely on that account that its specific heat 
is less. rTor since the conductire power of bodies depends, as we 
have observed before, qp their readiness to receive heat and part 
with it, it is natural to expect that those bodies which are the worst 
conductors should absorb tbe most caloric before they are disposed 
to part with ittoother bodi^jButlet us now proceed to latent heat. 

Caroline. And pray whal^ind of heat is that I 

Mrs. B.Kx is another modification of combined caloric, which is 
so analogous to specific heat, that most chemists make no distinc- 
tion between tbei^ but Mr. Pictet, in his Essay on Fire, has so 
clearly discriminated them, that I am induced to adopt his view of 
the subject. We therefore call. laJLexd heat that portion of insensi>- 
ble caloric which is employed in changing the state of bodies ; that 
is to say, in converting solids into liquids, or liquids into vapour. 
When a body changes its state from solid to liquid, or from liquid 
to vapour, its expansion occasions^ sudden and considerable in- 
crease of capacity for heat, in consequence of which it immediately 
absords a quantity of caloric, which becomes fixed in the body it 
has transform^J and, as it is perfectly concealed from our senses, 
it has obtained^e name of latent heat. ^ 

Caroline. I think it would be much more correct to call this mo- 
dification latent caloric instead of latent heat, since it does not ex- 
cite the sensation of heat. 

Mrs. B. This modification of heat was discovered and named by 

Dr. Black long before the French chemists in^oduced the term calo- 

^ ric, and we must not presume to change it, as Itis still used by much 

298. What other method is mentioned as proving the existence 
of specific heat? 

299. What will be the result as to temperature, if mercury heat- 
ed at 50, and water heated at 100 degrees be mixed together ? 

300. Why has mercurv so little specific heat ? 

301. What is latent caloric ? \ 

302. What does the conv^ion of a solid to a liquid occasion ? 
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better cbcrtiifits thaft ourselires. Besides, you are not to suppose 
that the nature of heat is altered by being variously modified : for if 
latent heat and specific heat do not excite the same sensations as 
free caloric, it is owing to their being in a state of confinement, 
which prevents them from acting upon our organs ; and conse- 
quently, as so6n lis they are extricated from the bodv in which they 
are imprisone&^tthey return to their state of free caloric^ 

Emily. But nSo not yet clearly see in what respect ttitent beat 
differs from specific heat ; for they are both of Oiem imprisoned 
and concealcfl in bodies. 

J\Irs. B.fSpecific heat is that which is employed m filhng the ca- 
pacity of a V)dy for caloric, in the state in which this body actually 
exists ; while latent heat is that which is employed only in affecting 
a change of state, that is, in converting bodies from a solid to a h- 
quid, or from a liquid to an aeriform itatel But I think, that in a 
general point of view, both these modificaflons might be compre- 
hended undeijthte name of heat of capacity^as in both cases the ca- 
loric is equally engaged in filling the capacity of bodies. 

I shall now show you an experiment, which I hope will give you 
a clear idea of what is understood bv latent heat. 

The snow which you see in this pnial has been cooled by certain 
chemical means, (which 1 cannot well explain to you at present,) 
to five or six degrees below the freezing point, as you will find in- 
dicated by the thennometer which is placed in it. We shall expose 
it to the heat of a lamp, and you will see the thermometer gradual- 
ly rise, till it reaches the freezing point— 

Emily. But there it stops, Mrs. B., and yet the lamp burns just 
as well as before. Why is not its heat communicated to the ther- 
mometer? , ^ ^ -. .t^ . 
Caroline. And the snow begms to melt ; therefore it must be ri- 
sing above the freezing point. ^ 

Mrs. B. The heat no longer affects the thermometeribecause it 
is wholly employed in converting the ice into watert ^s the ice 
meks, the caloric becomes latent in the new formed liquid, and 
therefore cannot raise its temperature'^nd the thermometer will 
consequently remain stationary, till the^hole of the ice be melted. 
Caroline. (Because the conversion of the ice into water being 
completed, the caloric no longer becomes latent ; and therefore the 
heat which the water now receives raises its temperature, as you 
find the thermometer indicatesX 

Emily. But I do not think tlfet the thermometer rises so quickly 
ita the water as it did in the ice, previous to its beginning to melt 
thmigh the lamp burns equally well. 

303. What is the consequence if latent and specific heat are ex- 
tricated from the body in which thej are imprisoned ? 

304. What is the difference between specific beat and latent heat' 

305. By what name is it thought they may both be called ? 
306a. Why does not the thermometer rise in a warm room when 

its bulb is in a piece of ic^ ? 

306« In what experiment may be seen the existence of latent heat? 

307. Why does the thermometer begin to rise as soon as the ice 
it melted ? 
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^r^. B.(l*hat 18 owiog to tUe differeut fpcwific heat of ice and 
water. THfe capacity of water for caloric being greater than that 
of ice, more heat is required to raise its temperature^ and therefore 
the thermometer rise* slower in the water than it difl in the ice. 

Emily. True ; you said that a solid body always increased its ca- 
pacity for heat by becoming fluid, and this is an instance of it 

J^rs, B. Yes ; and the latent beat is that which is absorbed in 
consequence of the greater capacity which the water has for heat, 
in comparison to ice. 

I must now tell you a curious calculation founded on that consi- 
deration. I have before observed to you, that thQUgh the thermo- 
meter shows US the comparative warmth of bodies, and enables us 
to determine the same point at different times and places, it gives 
us no idea of the absolute quantity of heat in any body. We cannot 
tell how low it ought to fall by the privation of all heat, but an at- 
tempt has been made to infer it in the following manner. It has 
been found by experiment, that the capacity of water for heat, 
when compared with that of iceJ^as 10 to 9 ; so that, at the same 
temperature, ice contains one tenth of caloric less than watery By 
experiment, also, it is obserred, that in order to melt ice/fhercrmust 
be added to it as much heat as would, if it did not meltHt, raise its 
temperature 140 deg^eerf^y This quantity of heat is, therefore, ab- 
sorbed, when the ice, byf being converted into water, is made to 
contain one ninth more caloric than it did before. Therefore 140 
degrees is a ninth part of the heat contained in ice at 30 degrees ; 
and the point of zero, or the absolute privaticm of heat, must conse* 
quently be 1260 degrees below 32 degrees.f 

This mode of inrestigating so curious a question is ingeniou«, but 
its correctness is not yet established by similar calculations for oth«r 
bodies. The points of absolute cold, mdicated by this method in ya- 
rious bodies, are. very remote from egclv other ; it is, howerer, possi- 
ble, that this may arise from some imperfection in the ezperim#nl8. 

Caroline. It is indeed very ingenious— but we must now attend < 
to our present experiment. The water begins to boil, and the 
thermometer is agam stationar]^. 

Mrs, Bn Well, Caroline, it is your tarn to explain the phenom- 
enon* 



*That is, water contains 140 degrees of beat mote than is indi- 
cated hj the thermometer.— C. 

t This calculation was made by Dr. Irvine. /X)r. Crawford af- 
terwards placed the real zero at 1 500 degrees b^ow the Oof Fah- 
renheit. Still later, Mr. Dalton |has turned his attention to the 
same subject. The mean of his experiments places the real zero 
6000 degrees below the freezing points All this goes to show that 
^ery little has yet been demonstrated on this difficult question. — C. 



308. Why does the thermometer rise slower in the water than it 
did in the ice ? 

309. Since a thermometer does not indicate the absolute quanti^ 
ty of caloric contained in any body, what is its use ? 

310. How much latent heat does water contain ? 

311. How much heat must be added to ice in order to melt it ^ 

312. WhtU was proposed by Dr, Crawfordt and by Dr. ZkUton, 
astojmng thereat zero? o,,.:».., Google 
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Caroline* it is wonderfblly curious ! The caloric is now busy ia 
cbangiDff the water into steam, in which ithides itself, and becoiqes 
insensible. This is another example of (hitent heatJ producing a 
chaD|^e of form. At first it converted a soml body into a liquid, and 
now it turns the liquid into vapour ! 

Mrs. B. You see, my dear, how easily you have become acquain- 
ted with these modifications of insensible heat, which at first ap- 
peared so unintellig^ible. ft^ now, we were to reverse these chan- 
ges, and condense the vapour into water, and the water into ice, 
the latent heat would re-appear entirely, in the form of freecaloricv) 

Emily, Pray do let us see the effect of latent heat returning to 
its free state^ 

J(fr«. B, ^or the purpose of sbowmg this, we need simply con- 
dact the vapour through this tube into this vessel of cold water, 
where it will part with its latent heat and return to its liquid formT\ 

Emily. How rapidly the steam heats the water ! ^ 

Mrs. fi. That is because it does not mer^ impart its free caloric 
to the water, but likewise its latent heat. This method of heating 
liquids, has been turned to advantage, in several economical estab- 
lishments. The steam kitchens, which are getting into such gene- 
ral U8e,are upon the same principle The steam is conveyed through 
a pipe in a similar manner, into the several vessels which contain 
the provisions to be dressed, where it communicate^to them its lat- 
ent caloric, and returns to the state of water, (^ount Rumford 
makes great use of this principle in many of his fire-places : his 
grand maxim is to avoid all unnecessary waste of caloric, for which 
purpose he confines the heat in such a manner, that not a particle of 
it shall unnecessarily escape ; and while he economises the free ca- 
loric, he takes care also to turn the latent heat to advantage. It is 
thus that he is enabled to produce a degree of h<*at superior to that 
which is obtained in common fire places, though he employs less^fuel^ 

Emily. When the advantages of such contrivances are so clear 
and plain, I cannot understand why they are not universally used. 

Jurs. B. A long time is always required before innovations, how- 
ever useful, can be reconciled with the prejudices of the vulgar. 

Emily. What a pity it is that there should be a prejudice against 
new inventions ; how much more rapidly the world would improve 
if such useful discoveries were immediately and universally adopted! 

Mrs. B. I believe, my dear, that there areas many novelties at- 
tempted to be introduc^, the adoption of which would be prejudi- 
cial to society, as there are of those which would be beneficial to it. 
The well-informed, though by no means exempt from error, have an 
unquestionable advantage over the illiterate, in judging* what is like- 
ly or not to prove serviceable ; and therefore we find the former 
more ready to adopt such discoveries as promise to be really advan- 
tageous, than the latter, who, having no other test of the value of a 
novelty but time and experience, at first oppose its introduction. — 



313. What is that heat called which produces a change of form 
in bodies.' 

314. How may latent heat be converted into free caloric ? 

315. In what experiment may be seen the effect of latent heat 
returning to its free state f 

316. What is the advantage of Count Rumfbrd's improved fire- 
place* .? ^ r- 1 
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The well informed, however, are frequently disappointed in their 
most sao^ine expectations, and the prejudices of the vulgar, 
though they often retard the progress of knowledge, yet sometimes, 

It must be admitted, prevent the propagation of error But we are 

deviating from our subject. 

We have converted steam into water, and are now ^ change 
water into ic^in order to render the latent heat sensible, as it es- 
capes from rh# water on its becoming solid. For this purpose we 
must produce a degree of cold that will make water freeze. 

CaroHne. That must be very difficult to accomplish in this warm 
room. 

Mrs. B. JNot so much as you think. There are certain chemic- 
al mixtures ivhich produce a rapid change from the solid to the flu- 
id state, or the reverse, in the substances combined, in consequence 
of which change latent heat is either extricated or absorbed. 

Emily, I do not quite understand you. 

Mrs. B. Thi|/lnow and salt, which you see me mix togethei^ 
are melting rapie^y ; heat therefore must be absorbed by the^mix-' 
ture, and cold produced. 

Caroline. It feels even colder than ice, and yet the sdow is melt- 
ed. This is very extraordinary. 

Mrs. B. The cause of the intense cold of the mixture/s to be at- 
tributed to the change of a solid to a fluid stateX The uhion of the 
snow and salt produces a new arrangement of' their particles, in 
consequence of which they become liquid ; and the quantit> of 
caloric, required to effect this change, is seized upon by the mix- 
ture whenever it can be obtained. This eagerness of the mixture 
for caloric, during* its liquefaction^ is such that it converts part of 
its own free caloric into latent heat, and it is thus that the tempera- 
ture is lowered. % 

Emiiy. Whatever you put in this mixture, therefore, would 
freeze ? 

Mrs, B. Yes ; at least any fluid that is susceptible of freezing at 
mat temperature. 1 have prepared this mixture of salt and snow 
for the purpose of freezing the water from which you are desiious 
of seeing the latent heat escape. I have put a thermrometer in the 
glass of water that is to be frozen, in order that you fjbay see how 
it cools. 

Caroline. The thermometer descends, but the heat which the 
water is now losing is its/ree, not its UUeni heat. 

Mrs. B. Certainly ; m does not part with its latent heat till it 
changes its state and is converted into ice^ 

EmUy. But here is a very extraordin^y circumstance ! The 
thermometer has fallen below the freezing pointy and yet the water 
w not/rozen.* 

* To make this experiment striking, the glass containing' the wa- 
ter and thermometer ou^ht to be kept perfectly still until the mercu- 
17 sinks below the freezing point. Then agitate the water, or drop 



317. How is latodt beat readered, sensible ? 

318. How can water be made to freeze in a warm room ? 

319. Why is a mixture of snow aad salt so intensely cold ? 

320. Whea does water part with its latent heat ^ 
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\ 

Mrs, B. That is always the case previous to the freezing^ of wa- 
ter when it is in a state of rest Now it b^os to congeal, > and i^ou 
msiy observe that the thermometer again rises to the freezing point. 

CaroUne. It appears to me very strange that the thermometer 
should rise the very moment that the water freezes ; for it seems to 
imply that the water was colder before it froze than when in the 
act of freezing* 

Mrs, B, It is so ; and after our long dissertation on this circum- 
stance, I did not think it would appear so surprising to you. Re- 
flect a little, and I think you will discover the reason of it. 

Caroline. It must be, no doubt,/f(e extraction of latent heat, at 
the instant the water freezes, whicVraises the temperatur^ 

Mrs. B. Certainly : and if you now examine tne thermometer, 
you will find that its rise was but temporary, and lasted only during 
the disengagement of the latent heat — now that all the water is fro- 
zen it falls "tprain, and will continue to fall till the ice and mixture 
are all of an equal temperature. 

Emihy. And can you show us any experiments in which liquids, 
by being mixed, become solid and disengage latent heat P 

Mrs. B. 1 could show you sc^veral, but you are not yet sufficient- 
ly advanced to understand them well. I shall, however, try one, 
which will afford j^ou a striking instance of the fact. The fluid which 
you see in this phial consists of (a quantity of a certain salt called 
muriat oflime^ dissolved in water. Now, if I pour into it a few drops 
.of this other fluid, called sulphuric acid^ the whole, or very nearly 
the whole, will be instantaneously converted into a solid mass^ 

Emily. How white it turns ! I feel the latent heat escaping for 
the bottle is warm, and the fluid is changed to a solid white sub- 
stance like chalk !* 

Caroline. This is, indeed, the most curious eu||riment we have 
seen yet. But pray what; is that white vapour which ascends from 
• the mixture ? 

Mrn. B. You are not yet enough of a chemist to understand that. 
But take care, Caroline, do not approach too near it, for it has a 
very pungent smell. 

I shall show you another instance similar to that of the water, 
which you observed to become warmer as it froze. I have in this 
phiak^ solution of a salt called sulphat of soda, or Glauber's salt, 
madeLvery strong, and corked up when it was hot, and kept without 

into it a small piece of ice, and it instantly shoots into crystals, and 
the thermometer rises.— C. 

^&he sulphuric acid by its stronger affinity for the lime, takes it 
from^he murioHc acid, unites with it, and forms «u/pAa<e of lime. — 
Tl^ solidity is owing to' the insolubility of this last substanc6 in wa- 
ten) The experiment succeeds well, if the water is saturated with, 
th^^uriatc.— C. 



32 !• Why does water become colder before freezing than it is in 
the act of freezing ? 

322. What example can you give of liquids becoming solid, by 
being mixed, and disengaging latent heat f 

324. HowU thu effect aecowUed/or in the note ? 

324. What other instance of th^ extricatioii of latei|t heat is giv- 
en, and how is it produced > Digitized by C^OOg I 
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agiUtion till it became cold, as yoa may feel the phial is. Noir 
when 1 take out the cork and let the air fall upon it, (for being clo- 
sed when boiling, there was a vacuum in the upper part,] observe 
that the salt will suddenly crystallizej 

Caroline. Surprising ! how beauUAilly the needles of salt hav^ 
shot through the whole phial ! 

Mrs, B Yes, it is very remarkable ; but pray do not forget the 
object of the experiment. Feel how warm the phial has become by 
the conversion of part of the liquid iuto a solid 

Emily, Quite warm, I declare! this is a moat curious experiment 
of the disenfijagement of latent heat. ^ 

Jdrs. B.rthe slaking of lime is another remarkable instance of 
the extricatibn of latent hea7\ Have you never observed how quick- 
lime smokes when water i»^ured upon it, and how much heat it 
produces ? 

Caroline, Tes ; but I do hot understand what change of state 
takes place in the lime that occasions its gfiving out latent heat ; for 
the ouick-lime, which is solid, is (if I recollect right) reduced to 
powder by this operation, and is, therefore, rather expanded than 
condensed. ^ 

J^rs. B, ut is from the water^ not (he lime, that the latent heat 
is set free, xhe water incorporates with, and becomes solid in the 
lime ; in consequence of which the beat, which kept it in a liquid 
state is disengaged, and escapes in a sensible form. 

Carolinf. I always thought that the heat originated in the lime. 
It seems very stran{;e that water, and cold water too, should con- ' 
tain so much heat. 

Emily, After this extrication of caloric the water must exist in a 
state of ice in the lime, since it parts with the heat which kept it li- 
quid. 

Jtrs. B. It cannot properly be called ice, since ice implies a de- 
gree of cold, at least e^ual to the freezing point Yet, as water, in 
combining with lime, gives out more heat than in freezing, it must 
be in a state of still greater solidity in the lime than it is in the form 
of ice ; and you may have observed that it does not moisten or liqui- 
fy the lime in the smallest degree. 

Emily. But, Mrs. B. the smoke that rises is white ; if it was on- 
ly pure c^alooc which escaped, we might feel, but could not see it. 

Jtfr*. jB./frhis whit^ vapor is formed by some of the particles of 
lime in a state of fine dust, which are carried. off by the calori^ 

Emily. In all changes of state, then, a body either absorbs or 
disengages latent heat ? 

Mrs. B, Ydu cannot exactly say absorbs latent heat, as the heat 
hecomes latent only on beitag confined in the body ; but you may 
''^y* generally, that bodieson passing from a solid to a liquid form, 
y from the liquid state to\hat of vaporAabso^ heat ; and that 
when the reverse takes place heat is disefl^agedT^ 

♦ This rule, if not universal, admits of very few exceptions. 

325. What other instance is mentioned of the extrication of la- 
tent heat ! 

326. Whence proceeds the heat in the slaking of lime i* 

327. Why is the smoke that rises in the slaking of lime, white ? 

328. When do bodies absorb beat ? 

When is beat disengaged ? ^.^,.^^, ,^ Google 
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Emily. We can now, 1 think, account for the ether boiling, and 
the water freezing^ in vacno, at the same temperaturcf 

•Mr*. B, Let me hear how ^ou explain it. 

Emily. The latent heat which the water g^re out in freezing, 
was immediately absorbed by the ether, during its conversion into 
vapor ; and therefore, from a latent state in one liquid, it passes 
into a latent state in the other. * 

«A/r4. B. But this ooty partly accounts for the result of the ex- 
periment ; it remains to be explained why the temperature of the 
ether, while in a state ofebulhtion, is brought down to the freezing 
temperature of water.-At is because the ether, during its evapora- 
tion, reduces its own teiqperature, in the same proportion as that of 
the water by converting its free caloric into latent heat ; so that 
though one liquid boils, and the other freezes, their temperatures 
remain in a state of equilibrium!% 

Emily. But why does not water, as well as ether, reduce its own 
temperature by evaporating ? 

Mrs. B. The fact is, that it does, though much less rapidly than 
ether. Thus, for instance you may often have observed, in the heat 
of summer, how much any particular dpot may be cooled by water- 
ing, though the water used for that purpose beas m arm as the air 
itself. Indeed^ much cold may be producedVSy the mere evapo- 
ration of waterj^at the inhabitants of India, b^vailing themselves 
of the most favSrable circumstances for this process which their 
warm climate can afford, namely, the cool of the night, and situa- 
tions most exposed to the night breeze, succeed in causing water 
to freez&though the temperature of the air be as high as 60 de- 
grees. (The water is pot into shallow earthen trays, so as to expose 
an extensive surface to the process of evaporation, and io the morn- 
ing, the water is found covered with a thin cake of ice^ which is 
collected in sufficient quantity to be used for purposes of/luxury. 

Caroline. How delicious it must be to dnnk liquids so cold in 
those tropical climates ' But, Mrs. B. could we not try that exper- 
iment ? 

Mrs. B. If we were in the country, I have no doubt but that we 
should be able to freeze water, by the same means, and under sim- 
ilar circumstances. But we can do it immediately, upon a small 
scale, in tIHa very room, in which the thermometer stands at 70 de- 
grees. For this purpose we need onlymlaee some water in a little 
cup under the receiver of the air-pumpVFig. 8, and exhaust the air 
from it. What will be the consequence, Caroline ? 

Caroline. Of course the water will evaporate more quickly, since 
there will no longer be an atmospheric pressure on its surface ; 
but will this be sufficient to make the water freeze P 

Mrs, B. Probably not, because the vapor will not be carried off 

t See page 65. 



329. Why does water freeze and ether boil in vacuo ? 

330. Why does the ground become cooled h^ watering in sum- 
mer, though the water used be as warm as the air itself f 

331. How is ice often produced in India, where the temperature 
is not below 60 degrees ? 

332. How is water made to freeze under a glass receiver, as il- 
lustrated in figure 8 ? n \ 
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fast enough; but this will be acconiplished without difficulty if we 
introduce into the receiver, Fig 8, in a saucer, or other large shal- 
low vessel some strong sulphuric acid, a substance which has a 
^reat attraction for water, whether in the form of vapor or in the 
liquid state. This attraction is such that the acid will instantly ab- 
sorb the moisture as it rises from the water, so as to m»ke room for 
Fig. 8. 



9. The air poap and neeirer for Mr. L.esli«'t t xperiment C. a Micer with lulf hurit? 
■eid. B. % g]uM or atrthBn ctip contuidag ■nMtn, D. aiUnd for th« cup with its !•;■ made •!' 
CUaa. A. A T^armoneter. 

the formation of fresh vapor ; this will of course hasten the pro- 
cess, and the cold produced from the rapid evaporation of the wa- 
ter, will in a few minotes, be sufficient to freeze its surface^f We 
shall now exhaust the air from the receiver. / 

Emily. Thousarfds of small bubbles already arise through the 
water from the internal surface of the cup ; what is the reason of 
this? 

Mrs. B. These are bubbles of air which were partlv^ttached to 
the vessel, and partly diiSfused in the water itself ; andmiey expand 
and rise in consequence of the atmospheric pressure bemg^removedr) 

Caroline, See, Mrs. B. ; the thermometer in the cup is sinking 
fast : it has already descended to 40 degrees ! 

Emily The water now and then violently agitated on the surface 
as if it were boiling ; and yet the thermometer is descending fast ! 

•Mrs, B. You may call it hoilinsr if you please, for this appear- 
ance is, as well as boiling,/6wing io the rapid formation of vapof^ 
but here, as you have just Observed, it takes place from the surfac^ 
for It is only when heat is applied to the bottom of the vessel that the 
vapor is formed there. —Now crystals of ice are actually shooting 
all over the surface of the water. 



* This experiment was first devised by Mr. Leslie, and has since 
been modified in a variety of forms. 



333. When the air is exhausted from the receiver why do bub- 
bles rise through the water from the internal surface of the cup ? 

334. Why does the water appear as if boiling ?^ ,,Google 
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Caroline. How beautiful it is ! The surface is now entirely fro- 
zen—but the thermometer remains at 32 deg^rees. 

J\lr8. B. And so it will, conformably with our doctrine of latent 
heat/until the whole of the water b^ frozen^ but it will then again 
beg-in- to descend lower and lower,^ consequence of the evapora- 
tion which goes on from the surface of the ice!\ 

Emily, This is a most interesting experimCTt ; but it would be 
still more strikiog if no sulphuric acid were required. 

•Mrs. B. I will show you a freezing instrument, contrived by Dr. 
WoilastODi upon the same principle as Mr. Leslie's experiment, by 
which water may be frozen by its own evaporation alone, without 
the assistance of sulphuric acid. 

Fig. 9. 

Thistube, which,asyou ^'' w»i»"t<"»'« crjophon* 

see is terminated at each 
extremity by a bulb, one 
of which is half full of wa-/ 
ter,is internally perfectly^ 
exhausted of air; the con- 



sequence of this is, that the water in the bulb, is always much dispo- 
sed to evaporate. This evaporation, however, d^s not proceed suf- 
ficiently fast to freeze the water; but if the empty ball be cooled 
by some artificial means, so as to condense quickly the vapor which 
rises from the water, the process may be thus so much promoted as 
to cause the water to freeze in the other ball. Dr. Wollaston has 
called this instrument Cryophoms. 

Caroline. So that cold Pig. jq. 

seems to perform here 
the same part which the 
sulphuric acid acted in 
Mr. Leslie's experi- 
ment? 

J^rs. B. Exactly so ; 
put let us try the ex- 
periment. 

Emily. How wiil you 
cool the instrument ?i 
You have neither ice" 
nor snow. 

Mrs. B. True ; but 
we have other means of 
effecting this.'" You re- 
collect what an intense 
cold can be produced ^ 

bv the evaporation of e- P« 8. (Fit . IC) Dr. Mawefi mode of mlBg the Cryopbo- 
«1.A..;» «« r«K».te*A^ ^« ^ "■• Wo. I, and 2, the differtnt parn of No. 3, 

tner m an exnausted re- ,«„ separate^ 

ceiver. We shall in- / 



'*' This mode of making the experiment was proposed, and the 
particulars detailed, by Dr. Marcet, in the 34th toI. of Nicholson's 
Journal, p. IIQ. 

33J. How long in this experiment will the thermometer remain 
at 32 degrees, or at the freezing point ? 

336. Why will it begin and continue to descend as soon as ail the 
water is frozen? 337. What isthe object of figures 1,2. and 3.' 

** )ogre 
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close the bulb in this little bag^ of fine flannel, (Fi^. 1.) then soak 
it in ether, and introduce it inro the receiver of the air-pump. (Fig. 
3.) For this purpose we shall find it more convenient to use a crjo- 
phorus of this shape, (Fi^. 2.) as its elongated bulb passes easily 
througb a brass plate which closes the tup of the receiver. If we 
now exhaust the receiver quickly, you will see in less than a minute, 
the water freeze in the other bulb out of the receiver. 

Emily, The bulb already looks quite dim, and small drops of wa- 
ter are condensing on its surface. 

Caroline. And now crystals of ice slioot all over the water. This 
b, indeed, a very curious experiment ! ^ 

Mt9. B. You will see, some other day, that,A>y a similar method, 
eren quicksilver may be frozen^ But we canni»t at present indulge 
in any further digression. / 

Having advanced so far on the subject of heat, I may now eive 
you an account of the calorimeterySn instrument invented by La- 
voisier, upon the principles just exUained, for the purpose of esti- 
mating the specific heat of bodies jTlt consists of a vessel, the inner 
surface of which is lined with ice, toSs to form a sort of hollow globe 
of ice, in the midst of which the body, whose specific heat is to be 
ascertained, is placed!^ The ice absorbs caloric from this body, till 
it has brought it down to the freezings point ; this caloric converts 
into water a certain portion of ice which runs out through an aper- 
ture at the bottom of the machine ; and the quantity of ice changed 
to water is a test of the quantity of caloric which the body has given 
out in descending from a certain temperature to the freezing point. 
Caroline. In this apparatus, I suppose, the milk, chalk, and lead, 
would melt different quantites of ice, in proportion to their differ- 
ent capacities for caloric. 

Mrs. B. Certainly ; and thence we are able to ascertain, with 
precision their respective capacities for heat, /cut the calorimeter 
affords us no more idea of the absolute quantky of heat contained 
in a body, than the thermometei^ for though by means of it we 
extricate both the free 'and combined caloric, yet we extricate 
them only to a certain degree, which is the freezing point ; and we 
know not how much they contain of either helow that point. 

Emily, According to the theory of latent heat, it appears to me 
that the weather should be warm when it freezes, and cold in a thaw ; 
for latent heat is liberated from every substance that it freezes, and 
such a large supply of heat must warm the atmosphere ; whilst du- 
ring a thaw, that very quantity of free heat must be tsdcen from the 
atmosphere and return to a latent state in the bodies which it thaws. 
Mrt. B, Your observation is very natural ; but consider that in 
^ frost the atmosphere is so much colder than the earth, that all the 
caloric which it takes from the freezing bodies^is insufficient to raise 
its temperature above the freezing point ; otherwise tlie frost must 
cease. But if the quantitv of latent neat extricated does not destroy 
the frostyft serves to raoderate the suddeooess of the change of tern* 

338. Can quicksilver he frozen ? 

339. What is the calorimeter, and what is its vie ? 

340. Of what does it consist ? 

341. Does the calorimeter indicate the abselate quantity of beat 
<2ontained in a body ? 

342. What effect is produced on the temperature of the atmos- 
**cre,by the attraction of lateot heat from the winter frosts f 
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perature of the atmosphere, at the commencement both of frost and 
of a thaw. In the first instance, its extrication diminishes the serer- 
ity of the cold ; and in the latter, its absorption moderates the 
warmth occasioned bv a thaw ; it even^ometimes produces a dis- 
cernible chill, at the breaking up of frosu 

Caroline, Bat what are the general cAses that produce those 
sudden changes in the weather, especially from hot to cold, which 
we often experience ? 

J^rs. B, This question would lead us into meteorological discus- 
sions, to which I am by no means competent. One circumstance, 
howeyer, we can easily understand. When the air has passed over 
cold countries, it will probably arrive here at the temperature much 
below our own, and then it must absorb heat from every object it 
meets with, which will produce a general fall of temperature. 

Caroline, But pray, now that we know so much of the effects of 
heat, will you inform us whether it is really a distinct body, or, as I 
have heard, a peculiar kind of motion produced in bodies f 

Mrs, B, As I have before told you, there is yet much uncertain- 
ty as to the nature of these subtle agents^ But I am inclined to 
consider heat not as mere motion, but asfe separate substance. — 
Late experiments, too, appe^ to make it a compound body, con- 
sisting of the two electriciti^\ and in our next conversation I shall 
inform you of the principal fdlfts upon which that opinion is founded. 



CONVERSATION V. . 

0?f THE CHEMICAL AGENCIES OF ELECTBICITY.* 

Mrt, B, Before we proceed further, it will be necessary to give 
you some account of certain properties of electricity, which have 
of late years been discovered to have an essential connexion with 
the phenomena of chemistry. 

Caroline. ItisELECTRiciTv^if I recollect right, which comes 
next in our list of simple substances ? 

Mrs, B, I have placed electricity in that list, rather from the ne- 
cessity of classing it somewhere, than from any conviction that it has 
a right to that situation ; for we are as yet so ignorant of its intimate 
nature, that we are unable to determine, not onlyAyhether it issim- 

glc or compound, but whether it is in fact a material agent; or, as 
ir H. Davy has hinted, whether it may not be merely a property 
inherent in matter^ As, however, it is necessary to adopt some 
hypothesis for the*&pIanation of the discoveries which this agent 
has enabled us to make, I have chosen the opinion, at present most 
prevalent, which supposes the existence of ^o kinds of electricity,"^ 
distinguished by the name of ^sitive and fUgative electricity^ 

*rrhe electricity extricated by the metals is commonly called 
OalvanismS 

343. What is heat now supposed to be ? 

344. What subject is to be cimsidered in this conversation ? 

345. What are the uncertainties as to the nature of electricity r 
J*- U?.^ ™*"y lf»'»ds of electricity are there ? 

347. What are they called? o,,:™.., Google 
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Caroline. Well, I most confess, I do not fed neairljr so interested 
io a science in which so mnch uncertainty prerails as in those 
which rest upon established principles. I nerer was fond of elec- 
tricity, because, howerer beautiful and curious the phenomena it 
exhibits may be, the theories, by which they were explained, ap- 
peared to me so yarious, so obscure and inacfequate, that I always 
remained dissatisfied. 1 was in hopes that the new discoveries in 
electricity had thrown so great a light on the subject, that erery 
thing respectiDg it would now hare been clearly explained. 

Mrs. B, That is a point which we are yet far from baWng attain- 
ed. But* in spite of the imperfection of our theories, you will be 
amply repaid by the importance and novelty of the subject. The 
number of new facts which have already been ascertained, and the 
immense prospect of discovery which has lately been opened to us, 
will, I hope, ultimately lead to a perfect elucidation of this branch of 
natural science ; but at present yon must be contented with study- 
ing the effects, and in some degree explaining the phenomena, with- 
out aspiring to a precise knowledge of the remote cause of electri- 
city. 

You have already obtained some notions of electricity ; io our 
present conversation, therefore, I shall confine myself to that part 
of the science which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circunv^oce y^ich first gave rise 
to tliis new branch of physical science. MSalvani7)a professor of nat- 
ural philosophy at Bologna, being engaged (about 20 years ago) 
in some experiments on muscular irritability, observed, that when 4 
piece of metal was laid ojq the nerve of a frog, recently dead, whilst 
the limb supplied by that nerve rested upon some other metal, the 
limb suddenly moved, on a communication being made between the 
two pieces of metaij 

Emily, How is tms communication made f 

^rs, B. Either by bringinjp^ the two metals into contact, or by 
connecting them by means of a metallic conductor. But without 
sabjecting a frog to any cruel experiments. I can easily make you. 
sensible of this kind of electric action mere is a piece of zinc, 
{one of the metals 1 mentioned in the lisfof elementary bodies) — 
put it under your tongue, and this piece of silver upon your tongue, 
and let both the metals project a little beyond the tip of the tougue 
—very well ; . now make the projecting parts of the metals tomch 
each other, and you will instantly perceive a peculiar sensation.i 

Emily. Indeed I did ; a singular taste, and I think a degree of 
heat ; but I can hardly describe it. 

Mrs. B. The action of these two pieces of metal on the tongue is, 
I believe precisely similar to that made on the nerve of a frog, r 
shall not detain you by a detailed account of the theory by which 
Galvani attempted to explain this fact, as it was soon overturned 



348. What is the difference between electricity and Oahanism ? 

349. From whom did Galvanism receive its name ^ 

350. What gave rise to the branch of physical science called 
Galvanism ? 

351 . What simple experiment is mentioned,that can be made up^ 
OB the tongue to lUnstrate this subject f 
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bj rabtequant ezperimeots, which prored that Golranifiii (the name 
this new power had obtaiDed)wa8 nothinf more than electricitj. 
(^dTani Bopposed that the virtue of this new agent resided in the 
iienres of the froff\ but Volta, who prosecuted this subject with 
much greater suc^ss, showed that tb&4>henomena did not depend 
on the organs of the frog, but upon Ue electrical agency or the 
metals, which is excited by the moisture of the animal, the organs 
of the fng being only a delicate test of the presence of electric in- 
fluencej 

CaroHne, I suppose, then, the saliTa of the mouth answers the 
same purpose as the moisture 9f a frog, in exciting the electricity 
of the pieces of silver and zinc, with which Emily tried the exper- 
iment on ber.tongue ? 

Jirs. B. Precisely. It does appear, however, necessary that 
the fluid used for this purpose shoula be of animal nature. W ater» 
and acids very much diluted by water, are found to be the most ef- 
fectual in promoting the developement of electricity m metals ; and 
accordingly the original apparatus which Volta first constructed 
for thi^urpese consisted of a pile or succession of plates ofmnc and 
copi)eivieach pair of which was connected by pieces of cloth or pa- 
per iipffregnated with water; and this instrument, from its orig[inal 
inconvenient structure and limited strength, has graduallv arrived 
at its present state of power and improvement, such as exhibited in 
the Voltaic battery. In this apparatu?) a specimen of which you 



fig. n) 

Vottaie BattMT. 



'before you 
the plates of zinc 
and copper are 
soldered together] 
in pairs,each pair' 
b^mg placed at 
regular distan- 
ces in wooden 
troughs and the 
interstices being 
filled with fluid. 

Caroline. Though you will not allow us to Inquire into the pre- 
cise* cause of electricity, may we not ask in what manner the fluid 
acts on the metals so as to produce it ? | 

Jtfri. B, The action of the fluid on the metals, whether water or 
acid be used, is entirely of a chemical nature. But whether elec- 
tricity is excited by this chemical action, or whether it is produced 
by the contact of the two metals, is a point upon which philoso- 
phers do not yet perfectly agree. 

Emily. But can the mere contact of two metals, without any in- 
tervening fl^id. produce electricity P 

Mn, B. /x e8,\f they are afterwards separated. It is an establish- 




352. How did Galvnni account for the moving of the hmb on a 
communicT^lion being made between the two metals.^ 

363. What was the true cause of it ? 

364. ^^ hat metals are used in the production of ntlvanic action ?' 
3^5. Which figure represents a Voltaic battery? 

356. Can galvanism be produced without water? 
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ed fact4hat when tiro metals are pat in contact, and aftenrardi lep- 
arated} that which has the strongest attraction for oxygen exhibits 
signs of positive, the other of negative electricity^ 

Caroline. It seems, then, hot reasonable to iniiT that the power 
of the Voltaic battery should arise from the contact of the plates of 
z^nc and copper. ^ 

Mr*. B, it is upon this principle that/Volta and Sir H. DaTnsx- 
plain the phenomena of the pile ; but notwithstanding these^wo 
g^reat authorities, many philosophers entertain doubts on the truth 
of this theory. The cnief difficulty which occurs in explaming the 
phenomena of the Voltaic battery on this principle, is thai two 
such plates show no signs of different states of electricity whilst in 
contact, but only oo t^mg separated after contact Now, io the 
Voltaic battery, those plates that are io contact always continue so, 
beiug soldered together ; and they cannot, therefore, receive a suc- 
cession of charges. . Besides, if we consider the mere liisturbance 
of the balance of electricity ^v the contact of the plates, as the sole 
cause of the production of Voltaic electricity, it remains to be 
explained how this disturbed balance becomes an inexhaustible 
source of electrical energy, capable of pouring forth a constant and 
copious supply of electrical fluid, though without any means of re- 
plenishing itself from other sources This subject it must be own- 
ed, is involved in too much obscurity to enable us to s)>eak very de- 
cidedly in favor of any theory But. in order to avoid perplexine 
you with different explanations, I shall confine myself to one whidb 
appears to me to be least encumbered with difficulties, and most 
likely to accord with truth.* 

This theory supposes the electricity to be excited by the chemic- 
al action of the acid oo the zinc ; but you are jei such novices in 
chemistry, that 1 think it will be necessary to g^ve you some previ* 
ous explanation of the nature of this action. 

All metals have a strong attraction^r oxygen^ and this element 
is found in great abundance, both in water and/n acids. T>.e ac- 
tion of the diluted acid on the zinc consists, therefore, in its oxygen 
combining with it, and dissolving its surfpice. 

Caroline. In the same manner, I suppose, as we saw an acid dis- 
solve copper ? 

Mrt, B, Yes ; but in the Voltaic battery the diluted acid is not 
strong enough to produce so complete an effect ; it acts only on the 

* This mode of explaining the phenomena of the Volt >ic pile is 
called the chemical Aeory of electricity, bee -use it asrriKes the 
cause of these phenomeua to ascertain chemical changes which taike 
place during their appearance. The mode ivhich is here sketched 
was long since suggested by Dr. Bostock, who has lately (thl8) 
publish^ ^^ An account of the History and Present State of Galvan- 
ism ;" which contains a fuller and more complete statement of his 
opinions and those of other writers on the subject, than any of his 
former papers. 



357. 'What established fact in galvanic experiments is mentioned ? 

358. What two chemists have explained the phenomena of the 
Voltaic battery, as proceeding solely from the contact of the two 
metals ? 

359. For what have all metals strong attraction f 
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surface of theziqc, to which it yields its oxygen, forming upon it a 
film or crust, which is a compound of the oxygen and the melal. 

Emily, Since there is so strong a chemical attraction between ox- 
ygen and metals, I suppose they are naturally in different states of 
electricity. 

Mrs. B. Yes^ it appears that all metals are united with the pos- 
itive, and that^ygeniis the grand source of the negative electri- 
city. ^ 

Caroline, Does not, then, the acid act on the plates of copper, as 
well as on those of zinc ?* 

Mrs, B, Tso ;«br though copper has an affinity for oxygen, it is 
less strong than that of zin^ and therefore the energy of the acid 
As only exerted upon the zinci 

It will be best I believe, iiforder to render the action of the Vol- 
taic baitery more intelligible, to confine our'attention at first to the 
efijWJt produced on two plates only. (Fig. 12.) 

pi" a plate of zinc be placed opposite to one of copper, or Fig. 12. 
any other metal less attractive of oxygen, and the space Voiuic Bat- 
between them (suppose of half an inch in thickness,) be fil- ^'^' 
led with an acid or any fluid capable of oxydating the zinc, -^ 
the oxydated surface will have its capacity for electricity 
diminished, so that a quantity of electricity will be evolv- 
ed from that surface. This electricity will be received 
by the contiguous fluid, by which it will be transmitted to 
the opposite metallic surface, the copper, which is not ox- 
ydated, and is therefore disposed to receive it ; so that the 
copper plate will thus become positive, whilst the zinc 
plate will be in the negative state. 

This evolution of electrical fluid, however, will be very 
limited ; for as these two plates admit of but very little ac-. 
cumulation of electricity, and are supposed to have no communica- 
tion with other bodies, the action of tfce acid, and further develop- 
ment of electricity, will be immediately stopped^ 

Emily, This action, I suppose, can no more continue than that 
of a common electrical machine, which is not allowed to communi- 
cate with other bodies .^ 

Mrs, B. Precisely ; mie common electrical machine when excit- 
ed by the friction of the^ubber, gives out both the positive and neg- 
ative electricities. —(Fig. 13.) The positive, by the rotation of the 
glass cylinder, is conveyed into the conductor, whilst the negative 
goes into the rubber .| But,ninless there is a communication made 
between the rubber alid the ground, a very inconsiderable quantity 

♦ The acid acts upon the copper, but not so strongly as on the 
zinc. Any two metals, one of which has a stronger attraction for 
oxygen than the other, will form the galvanic series.— C. 



360. What is the grand source of negative electricity ? 

361. Why in the Voltaic battery is the energy of the action ex- 
erted only upon the zinc ? 

362. How would you explain the principle of the Voltaic battery 
by Fig. 12 ? 

363. How would you describe the mode of collecting electricity 
in the common electrical machine.^ 

364. Why must the rubber be connected with the ground? 
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of electricity can be excited ; for the mbber like the plates of the 
battery, has too small a capacity to admit of aD accumalation of 
electHcity^ Unless, therefore, the electricity can pass out of the 
rubber, it^ill not continue to gfo into it, and consequently, no ad- 
ditional accumalation will take place. Now, as one kind of elec- 
tricity cannot be ^iven out without the other, the developement of 
the positive electricity is stopped as well as that of the negative, and 
the conductor, therefore, cannot receive a succession of chargpes. 
Fig. 13. Electrical Machine. 




Fiff. 13. A. the CjUnder. B, the Condaetor. R, the Rubb«r. C, the Chain. 

Caroline, But does not the conductor, as well as the rubber, re- 
quire a communication with the earth, in order to get rid of its 
electricity f ^ 

Mr$, B, No ; nor it is susceptible of receiving atid containing a 
considerable quantity of electricity, as it is much largv^r than the 
robber, and therefore has a greater capacity; and this continued 
accumulation of electricity in the conductor is what is caUed a 
charge's 

EtnUfi, But when an electrical machine is furnished with two 
conductors to receive the two electricities, I suppose no communi- 
cation with the earth is required ? 

Jtfr<. B, Certainly not, until the two are fully cbar|^ed ; for the 
tiro conductors will receive equal quantities of electricity. 

Caroline, I thought the use of the chain had been to convey the 
elect^ity^rom the ground into the machine. 

Mrs. B. That was the idea of Dr. Franklin, who supposed Chat 
tkire was but one kind of electricity, and who by the terms posi- 
tive and negative (which he first introduced,) meant only differenlt 
quanfities of the same kind of electricity.* The chain was in that 

*The idea of Dr. Franklin wa8,|6iat the positire state consisted 

• "' ' ' I ■ I I III • ■■ I > I .^ ii I ■) 

365. What ii called a charge in the use of the common electrical 
machiDe ? 
36e. What was Dr. Franklin^ opinioD GoncemiDg electricity ? 
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case supposed to convey electricity /rowi the ground through the 
rubber into the conductor. But as we have adopt^ the hypothesis 
of two electricities, we must consider the chain as^ vehicle to con- 
duct the negative electricity into the earthA >,..,. 
Emily, And^re both kinds produced whenever electricity is ex- 

^^%rs. B, (tes, invariably) If you rub a tube of glass with a wool- 
len cloth Che glass becomes positive, and the cloth negative * If, 
on the contrary, you excite a stick of sealing-wax by the same means, 
it is the robber which becomes positive, and the wax negative. 

But with rec'ard to the Voltaic battery, in order that the acid may 
act freely on the zinc, and the two electricities be given out without 
interruption, fsome method must be devised, by which the plates 
may part witft their electricities as fast as they receive themx Can 
vou think of any means by which this might be effected ? « 

Emily. Would not two chains or wires, suspended from either 
plate to the ground, conduct the electricities into the earth, and thus 

answer the purpose ? - • «• *u i * • 

Mrs, B. It would answer the purpose of carrying off the electri- 
city, I admit; but recollect, that though it is necessary to find a 
vent for the electricity, yet we must not lose it, since it is the pow- 
er we are endeavoring to obtain. Instead, therefore, of conduct- 
ino" it into the ground, let us/fnake the wires, from either plate, 
meet ; the two electricities wHl thus be brought together, and will 
combine and neutralize each other; and as long as this communi- 
cation continues, the two plates having a vent for their respective 
electricities, the action of the acid will go on freely and uninler- 

^uptedly"^^ ^ , * i 

EmilyJ That is very clear, so far as two plates only are concern- 
ed ; buf^I cannot say 1 understand how the energy of the succes- 
sion of plates, or rather pairs of plates, of which the Galvanic trough 
is composed, is propagated and accumulated throughout a battery ? 

in the presence, or accumulation of the electric fluid, and that the 
negative was merely its absence or diminution.! Hence the terms 
used by him to indicate these states were posilife and negative. In 
this chapter Mrs. B. has used these terms of the American Philoso- 
pher improperly, for plus and minus were never meant to signify 
two sorts of electricity, but only its presence or absence. Where 
authors have adopted Dufay's theory of two electricities, they have 
used the terms, vitreous and resinous, — C. 

* Most probably, because the glass takes the electric fluid from 
the cloth. Indeed, we conceive there is about the same reason for 
believing that the negative state is the absence of the electric fluid 
as there is for believing that cold is the absence of heat.— C. 



367. What is the use of the chain in the common electrical ma- 

368. Are negative and positive electricity always produced when 
electricity is excited ? 

369. What is necessary in the Voltaic battei^r, that the two elec- 
tricities be given out without interruption ? 

370. In what manner do two pieces of wire produce this effect ? 



Digitized by LjOOQIC 



ELECTBO-CHEMISTRY. 9l 

Mrs. B: In order to show you how the intensity of the electrici- 
ty is increased by increasing^ the number of plates, we" will exam- 
ine the action of four plates ; if you understand these, you will 
readily comprehend that of any number whatever. 
(T ^. ^ Fig. 14. Voltaic Battery. 

yn this Dgure you will observe that the 
two central plates are united ; they are 
soldered together, (as we observed in 
describing the Voltaic trough,) so as to 
form but one plate, which offers two 
different surfac^ ; the one of copper, 
the other of zincA 

^ow you recollect, that, in explaining 
to^ action of two plates, we supposed 
that a quantity of electricity was evolved 
from the surface of the first zinc plate, in 
consequence of the action of the acid, and- 

was conveyed by the interposed fluid to the copper plate No. 2, 
which thus became positive. This copper plate communicates its 
electricity to the contiguous zinc plate. No 3, in i;vhich, conse- 
quently, some accumulation of electricity takes place. When, 
therefore, the fluid in the next cell acts upon the zinc plate, elec- 
tricity is extricated from it in larger quantity, and in a more con- 
centrated form, than before. This concentrated electricity is again 
conveyed by the fluid to the next pair of the plates, No. 4 and 5, 
when it is further increased by the action of the fluid in the third 
cell, and so on, to any number of plates,.Af which the battery may 
coDsist , so that the electrical energy will continue to accumulate 
in proportion io the number of double plates, the first zinc plate of 
the series being the most negative, and the last copper plate the 
most positiveTj 

Caroline. Bdt does the battery become more and more strongly 
charged, merely by being allowed to stand undisturbed ? 

Mrs. B. No : for the action will soon stop, as was explained be- 
fore, unless a vent be given to the accumulated electricities. This 
is easily done, however, by establishing acoramunicationiby means 
of the wires (See Fig. 11,) between the two ends of the battery ; 
these being brought into contact, the two electricities meet and 
neutralize each other, producing the shock and other effects of 
electricity : and the action goes on with renewed energy, being no 
longer obstructed by the accumulation of the two electricities " 
whiqh impeded its progress. 

Emily. Is it the union of the two electricities which produces the 
electric spdrk ? 

Mrs. B. Yes ; and it is, I believe, this circumstance which gave 
rise to Sir H. Davy's opinion, that caloric may be^ compound of 
the two electricities.N \ 

Caroline. Yet, sui^ly, caloric is very different from the electoral 
spark .^ . . 

Mrs. B. The difference may consist, probably, only in intensity ; 



371. How would you explain fijure 14 ? 

372. How would you explain figure 14, which represents the 
Voltaic battery, so as to produce the electric spark ? . 

373. What does Sir H. Davy sujppose caloric to be ? >Ogle 
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for the heat omhe electrip spark is coosiderably more intense 
though confinecKo a yerj minute spot,. than any heat'^^e can pro* 
ducefby other means'^ 

Emtiy, Is it quitencertain that the electricity of the Voltaic 
batter> is precisely of the same nature as that of the common elec- 
trical machine? ^ 

Mrs, B, Uudoubtedly ;Qhe shock gfiren to the human body, the 
, spark, the circumstaoce o^the same substances which are conduct- 
ors of the one, bein^ also conductors of the other, and of those bodies, 
such as glass and sealing- irax, which are non conductors of the one, 
being ako non conductors of the other, are striking proofs of it\~ 
Besides, Sir H. Davy has shown, in his Lectures that a Leyden ^r, 
and a common electric battery, can be charged with electricity 
obtained from a Voltaic baitery, the effect produced being perfect- 
ly similar to that obta ned by a common machine. 

Dr. Wollaston has likewise proved, that similar chemical decom- 
positions are effected by the electric machine and by the Voltaic 
battery ; and has made other experiments whieh render it highly 
probable, that the origin of both electricities is essentially the same, 
as they show that the rubber of the common electrical machine, 
Jike the zinc in the Voltaic battery, produces the two electricities, 
fty combining with oxygen^ 

Caroline. But 1 do not see whence the rubber obtains oxygen, for 
there is neither acid nor water used in the common machine ; and I 
always understood that the electricity was excited by the friction.' 

Jlfr#. B It appears that/by friction the rubber obtains ^ygen 
from the atmosphere, which K par- ly composed of that element The 
oxygen combines with the amalgam of the rubber, which Is of a 
metallic nature, much in the same way as the oxygen of the acid 
combines wiih the zinc in the Voltaic battery, and it is thus that 
the two electricities are disengaged. 

Caroline But if the electricities of both niachines are similar, 
why not useuthe common machine for chemical decompositions ? 

Mrs. B. ^ough its effects are sinnlar to those of the Voltaic 
battery, they are incomparably weakerN Indeed Dr. Wollaston, in 
using It for chemical decompositions, ^s obliged to act upon the 
most minute quantities of matter, tind though the result was satis- 
factory in proving the similarity of its effects to those of the Voltaic 
battery, these effects were too small in extent to be in any consid- 
erable degree applicable to chemical decompositions. 

Caroline. How terrible, then, a shock must be from a Voltaic 
battery, since it is so much more powerful than an electrical ma- 
chine. 
Mrt, B, It is not nearly so formidable as you think ; at least it is 



374. How does the degree of heat in the electric spark compare 
with that produced by other means ? 

375. What proves that the electricity in the Voltaic battery ii of 
the same nature as that of the common electrical machine ? 

376. How do the rubber of the common electrical machine and 
the zinc in the Voltaic battery produce the two electricities f 

377. How does the rubber obtain oxygfen, in the ose of the com- 
mon electrical machine f 

S78. Why is not the oommon etoctrioal machine used for chemi- 
cal decompositions f ^ i 
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bj no means proportional t(f the chemical effect. The ^reat supe- 
riority of the Voltaic battery consists^ the large quantity of elec- 
tricity that passes'^ but ih regard to AkBrapidUy or intensity of the 
charge, it is greatly suiTt^sed by the common electrical machine^ 
It would seem that the shock or sensation depends chiefly upon the 
intensity ; whilst, on the contrary, for chemical purposes, it is . 
quantity which is required. In the Voltaic battery, the electricity, 
though copious, is so weak as not to be able to force its way through 
the fluid which separates the plates, whilst that of a common ma- 
chine will pass through any space of water. 

Caroline. Would it not be possible to increase the intensity of 
the Voltaic battery till it should equal that of the common machine;? 

Mrs, B. It can actually be increased till it imitates a weak elec- 
trical machine, so as to produce a visible spark when accumulated 
in a Leyden jar. But it can never be raised sufficiently to pass 
through any considerable extent of air, because of the ready com 
mjutication through the fluids employed. 

^y increasing the number of plates of a battery, you increase its 
inmuityy whilst, by enlarging the dimensions of the plates, you aug- 
ment its 9tean/i/jX-and as the superiority of the battery over the 
common machioe/Consists entirely in the quantity of electricity pro- 
duced, it was at first supposed that it was the size, rather than the 
number of plates that was Essential to the augmentation of power. 
It was, however, found upon trial, that the quantity of electricity 
produced by the Voltaic battery, even when of a very moderate 
size, was sufficiently^ copious, and that the chief advantage in this 
apparatus was obtained by increasing the intensity, which, howev- 
er, still falls very far short of that of the common machine. 

I should not omit to mention, that a very splendid, and, at the 
same time, most powerful battery, was alfew years ago, constructed 
under the direction of Sir H. Davy, which hg repeatedly exhibited 
in his course of electro-chemical lectures. /Tt consists of two thou- 
sand double plates of zinc and copper, of \ix square inches in di- 
meosiona, arranged in troughs M Wedgwood-ware, each of which 
contains twenty of these platesil The troughs are furnished with a 
contrivance for lifting the plater out of them in a very convenient 
and expeditious manner.* 



* A model of this mode of construction is exhibited in (Fig. 15.) 
.Note. In consequence of the discoveries ofiProf. Hare, of Phil - 
adelphia,\he present theory of galvanism must^robably undergo a 
radical cmange. This gentleman has inrented a new method of ex- 
tricating the vollaic influence, by so connecting the plates, that in 
effect only two great surfaces of the metuls are presented to each 
other. By this arrangement, the galvanic action on different sub- 



379. In what does the superiority of the Voltaic battery consist ? 

380. In what respect does the common electrical machine surpass 
the Voltaic battery .? » 

381. What is^he difference in the action of the Voltaic battery, 
whether the number of plates is increaBcd or their size is enlarged ? 

382. How extensive was the large battery constructed by Sir H. 
Davy? 

383. What American chemist has dUtin%uislied himself by discover 
ies in galvanism ? Digitized by L^OOg I 
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Canline. Well, now that we aoderstand the natare of the action 
of the Voltaic battery, I long to hear an account of the chemical 
discoveries to which it has g^ven rise. 

Mrs, B, Tou mast restrain your impatience, my dear, for I cannot 
with any propriety introduce the subject of these discoveries till we 
come to them in the regular course of our studies. 1 here is, how- 
ever, a recent discovery respecting the Voltaic pile, which, though 
not immediately connected with chemistry, is too curious to be pass- 
ed over vin silence. It relates /o the influence of electricity on mag- 
netismMately discovered by vJ)aDish philosopher. Mr. Oersted. 

Caroline. What ! anima! magnetism ? i have often beard of mag- 
netic tractors ; but I thought there was no truth in them. 

Mrs. B. Nor is there ; it is only the magnetic needle to which I 
allude. You already know something of the wonderful property of 
the magnetic needle to direct one of its extremities towards the 
north ; and you may easily conceive how interestmg any new fact 
relating to this trniy mysterious agent, must be to science. The 
principal fact is this ; gf a Voltaic battery be so placed as to have its 
negative pole directecNowards the south and its positive one towards 
the north, a communication being at the same time estabhshed over 
the battery, between its two poles, by means of metallic wires ; and 
if a magnetic needle be suspeude! just above the wire, and in a par- 
allel direction, the needle will immediately move round upon its 

stances,has presented sonoe new phenomena This calorific principle 
is immensely increased, while the electric shock ishardiv t«» be per- 
ceived^. Prof. Hare has oamed this new apparatus calorimotor^ or heat 
mover. The new views which he has been induced to offer, seem to 
be coniinned by 
the action of the 
calorimotor, viz 

that pralvanism iag --^^ ^v. 

compound of eleS ff^A ^ #i ^ A j ft < i i fa ^IW^fc ^r-^ 
tricity and caloi. 
ic. > This theory, 
it i^ obvious, will 
set aside many of 
the principles laid 
down in the fore- 
going chapter. — 
An account of this 
theory, with a de- 
scrip (ion of the 
calorimotor, is 
published in Silli 
man's Joumalv 
with observations 
by the Editor; al- 
so in Hare's edi 
tion of Chemis- 
try.—C. 



Fig 15. 



Fifif. 16. 

Voluie Battery of improTtd eomtnietioD with tka pUte* 
out of tht oelU. 
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a. To what does the retent discovery made by Mr. Oersted relate .' 

b. What is the principal fact connected with this discovery P 
384. fFhat does Jtfir. Hare iuppoie Oalvanism to be f 
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pivot, its northern extremity directing itself towards the wett^ more 
or less according to the enerry of the pile, while on the other hand, 
if the magnetic needle be placed below the Voltaic conductor, it 
wiU likewise begin to move round, but its north pole will, in this 
case point towards th^ ^f**^ 

Emily, How curious this is ! aod pray how is this singular effect 
explained ? 

Mrs. B, It is one of the most intricate points of natural science, 
and one upon which philosophers can yet offer but very uncertain 
conjectures. Several of the most eminent scientific men, however, 
are earoestly engaged in investigating the subject, and it is to be 
hoped, that some important discovery may yet be made. In the 
mean time they have already ascertained many curious facts illus- 
trative of the influence which electricity and mag^ejjsm exert upon 
each other, one of the most striking of which is, thafif a steel needle 
be placed transvertely upon the conductor of aVoinuc pile in action, 
the needle will, in a few seconds, become magnetic, so as to be ca- 
pable of attracting and repelling iron like magnets. Or if any por- 
tion of the conducting wire be turned into a spiral, aod a needle 
laid within its coils, but so as not to touch them, it will immediately 
become magnetic\ as I shall easily show you the first time we set the 
Voltaic pile in actfon ; for it is now too much exhausted to produce 
the effects in question . We shall therefore here terminate tnis con- 
versation, which has been already sufficiently long and difficult. 



CONVERSATION VI. 

ON OXTOEN AND NITEOOEN. 

Mrs, B. To-day we shall examine the chemical properties of 

ATMOSPHERE. 

, Caroline I thought that we were first to learn the nature of ox- 
TOKN which comes next in our table of simple bodies ? 

Mrs. B. And so you shall ; the atmosphere being composed of 
two principles, ((xvaEM and Nrraoosi^ we shall proceed to analyse 
it, and considerits component parU s^rately. 

Emily, I always thought that the atmosphere had been a very 
complicated fluid, composed of all the vanety of exhalations firoon 
the earth. 

Mrt, B. Such substances may be considered rather as heterogene- 
ous and accidental, than as forming any of its component parts ; and 
the proportion they bear to the whole mass is quite inconsiderable^ 

ATMosPHEaicAL AIR is composod of two gases, known by the 
names of oxtobm gas and ifiTBOosN or azotic qas. 

Emily. Pray what isa gas ?" 

* All kinds of air differing firom the atmosphere aye called by this 
name. — C. 



c. What other facts have been observed on this sabjeet/ 
386. Of what is the atmosphere oomposed? 
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JIfri. B. The name of gas is gireo toam fluid capable of list- 
ing constantly in an aerift^rostateiaDdertbe pressure and at the 
temperature of the atmosphere. ) 

Caroline. Is not water, or any other substance, when eyaporated 
b^ beat, called gas ? 

Jh >*«. B, No my dear ; vapour is, indeed^ an elastic fluid, and 
bears a strong resemblance to a gas : there are, however, several 
points in which they essentially differ, and by which you may always 
distinguish them. Steam, or vapour, owes its elasticity merely to a 
high temperature, which is equal to that of boiling water. And it 
iliffers from boiling water only by being united with more caloric, 
which as we before explained, is in alatent state. When steam is 
cooled, it instantly returns to the form of water ; but air, or gas, 
has never yet been rendered liquid or solid, by any degree of cold. 

Emily. But does not gas, as well as vapour, owe its elasticity do 
caloric jf , ^^ 

Mrs,^. It is the prevailing opinion ;^d the difference between 
gas and vapour is thought to depend on the different manner, in 
which caloric is united with the basis of these two kinds of elastic 
fluids^ In vapour it is considered as in a latent state ; in gas, it is 
supposed to be chemically combined. 

Emily. When you speak, then, of the simple bodies oxygen and 
nitrogen, you mean to express those substances which are the bases 
of the two gases ? 

Mrsj^. Yes, in strict propriety ; for they can properly be called 
gase^Tonly when brought to an aeriform state.) 

Camine. In what proportions are they combined in the atmos- 
phere ? 

Mrs. B. The oxygen gas constitutes a little more than one-fifth, 
and the nitrogen g^ a little less than four- fifths.* When separated, 
they are found to possess qualities totally different from each other. 
For/ijxygen gas is essential both to respiration and combustion, 
while neither of these processes can be performed in nitrogen gasj 

Carolina, But if nitrogen gas is unfit for respiration, how does 'k 
happen that the large proportion of it which enters into the compo- 
sition of the^tmosphere is not a great impediment to breathing ? » 

Mrs. B. fWe should breathe more freely than our lungs could 
- bear, if we respired oxygen gas alone. The nitrogen is no impedi- 
ment to respiration, and probably on the tiontrary, answers some 
useful purpose, though we do not know in what maoner it acts in 
that process?^ 

*fin 100 parts of the atmospheric air, there is 21 of oxygen and 
79 Of nitrogentyc. 

386. What is a gas ? 

387. What is the difference between vapour and gas ? 

388. To what does vapour owe its elasticitjr ? 

389. To what do the gases owe their elasticity ? 

390. When may oxygen and nitrogen be called gases ? 

391. What is an essential difference between oxygen and nitro- 
gen, when separated ? 

39?. If nitrogen gas is unfit for respiration, how does it happen, 
that the large proportion of it, which enters into atmospheric air, 
docs not cause an, impediment in breathing f 
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Emiijf. And by what meaBs can the two gasety which compose 
the atrooipheric air be aeparated f ^ 

Mr$. B. There are manywajs of analTsin^ the atmosphere :(^the 
two gases may be sefrauatfid^rst by combastion. ^ 

Emify. Ton surprise mel how is it possible that combustion 
should separate them ? 

Mn* B. I should preriously inform you, that till within a few 
years, oxygen was supposed to be the only simple body naturally 
combined with neg^tiTe electricity. Sir H. Davy has since added 
chlorine and iodine to that number, but they are DodieSof inferior 
importance. On all the other elements the positire electricity pre- 
rails, and they have consequently, all of them, an attraction for 
oxygen.ff^ 

Carohni* That surprises me extremely ; how then are the com- 
binations of the other bodies performed, lA according ta your expla- 
nation of chemial attraction, bodies are supposed only to combine 
in virtue of tj^eir opposite states of electricity ? 

Mrs, B. Compound bodies, in which oxyffen preyails orer the 
other compohent parts, are also negatire, but Uieir nejpatire energy 
• is greater or less m proportion as the oxygen predominates^ Th<^ 
compounds into which oxy^^ entOTs in less proportion tnan the 
other constituents, are positiTC, but their positire energy is dimi- 
nished in proi>ortion to the quantity of oxygen which enters into 
their composi&on. 

Bodies, therefore, that are not already combined with oxygen, 
will attract it, and, under certain circumstances, will absorb it from 
the atmospbece, in which case the nitrogen gas will remain alone, 
and may thus be obtained in its separate state. 

Caronne. I do not understand how a gas can be absorbed f 

Mrt. B. It is only the oxygen, or basis of the gas, which is absorb - 

f If chlorine or oxymuriatic g9B be a simple body, according to 
Sir H. Davy's view of the subject, it must be considered as an ex- 
ception to this statement ; but this subject cannot be discussed till 
the properties and nature of chlorine come under examination. 

f The hypothesis that combustion, as well as chemical affinity are 
electricad phenomena, was first proposed by Bej^elins, of Stock- 
holm. The theory is shortly this. In all cases/where the particles 
of bodies have a chemical attraction for each other, they are in op- 
posite states of electricity, and the force of their onion is in propor- 
tion to the intensity i^ these electrical states, since it is this which 
forces them to uniteTS Thus the particles of an acid and an alkali 
unite, because one isitrongly neg^tire and the other strongly posi- 
tiye. In case of combustion, these different states are still more in- 
tense, oxygen always being in the negfative state, and the combusti- 
ble in ^ positive, and when a union takes place, heat and light is 

393. Can the two gases that compose the atmospheric air be se- 
parated ? 

394. In what proporUom are oxygen and nUrogen combined in at'- 
mospheric air ? 

395. What causes negatiTe electricity ? 

396. How can combustion separate them ? 

397. How is caloric produced in combustion ! 

398. Wh4UutheiheorifofcombuHionpropoHdlm^eraeUue? 
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ed ; and/tbe two electricities escaping, that is to say, the neg^afir^ 
from th9spxygen, the positive from the burning body, unite and 
produce caloric'!\ 

fimily. And fmat becomes of this caloric ? 
Jtfrf. JS. We shall make this piece of dry wood attract oxygen 
from the atmosphere, and you will see what becomes of the caloric. 

Caroline, You are jofa^ing, Mr. B. : you do not mean to decom- 
pose the atmosphere with a piece of dry stick ? 

Mrs. B. Not the whole body of the atmosphere, certainhr ; but if 
we can make this piece of wood attract any quantity of oxygen 
from it, a proportional quantity of atmospherical air will be decom- 
posed. 

Caroline. If wood has so strong an attraction for oxygen, why 
does it not decompose the atmosphere spontaneously ? 

Mrs. B. It is found by experience, that/Sn elevation of tempera- 
ture is required for the commencement ot the union of the oxygen 
and the woodVi 

This elevation of temperature was formerly thouebt to be neces- 
sary, in order to diminish the cohesive attraction of the wood, and 
enable the oxygen to penetrate and combine with it more readily. 
But since the introduction of the new theory of chemical combina- 
tion, another cause has been assigned, and it is now supposed that 
/(Ce high temperature, by exalting the electrical energies of bodies, 
\nd consequently their force of attraction, facilitates their combi- 
nation*^ 

Emtf/, If it is true that caloric is composed of the two electrici- 
ties, an elevation of temperature must necessarily augment the 
electric energies of bodies. 

Mrs, B. I doubt whether that would be a necessary consequence ; 
for admitting this composition of caloric^ is only by being decom- 
posed that electricity can be produced, ^ir H. Davy, however, in 
his numerous experiments, has found it\o be an almost invariable 
rule, that the electrical energies of bodies are increased by elevation 
of temperature^ 

What meanS)' then, shall we employ to raise the temperature of 
the wood, so as to enable it to attract oxygen from the atmosphere ? 

CaroHne. Holding it near the fire, I should think, would answer 
the purpose. 

Mrs, B. It may, provided you hold it suflBciently close to the fire ; 
for a very considerable elevation of temperature is required. 

Caroline. Itiias actually taken fire ; and yet I did not let it touch 
the coals, but I held it so very close that I suppose it caught fire 
merely from the intensity of the heat. ^ 

Mrs. B. Or you might say, in other words, that^be caloric which 

the consequence. This theory is not well proved, nor generally 
adopted. — C. 

399. If wood has a strong attraction for oxygen, why does it not 
decompose the air spontaneously ^ 

400. Why is it necessary to heat a combustible substance to make 
it burn ? 

401. Are the electrical energies of bodies increased by elevation 
of temperature ? 

402. Why will a piece of wood when held near the fire, bum, 
although it does not touch the coals ? 
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the wood imbibed, so much elevated its temperature, and exalted 
its electric energy, as to enable it to attract oxygen very rapidly 
from the atmospberer^ 



Emily. Does the nCod absorb l^^genVhile it is burning ? 

Mrs, B, Yes ; and the heat aptt light 4re produced /By the union 
of (he two electricities which are set at liberty, in consequence of 
the oxygen combining with the wood/ 

Caroline. You astonish me ! the t(eatof a burning body proceeds 
then as much from the atmosphere as from the body itself ? 

Mrs. B. It was supposed that the caloric given out during corn- 
bus ion, proceeded entirely, or nearly so, from the decomposition 
of the oxygen g^s; but according to Sir H Davy's new view of 
the subject, both the oxygen gas and the combustible body conciir 
in supplying the heat and light, by the union of their opposite elec- 
tricities. 

Emily, I have not yet met with any thing in chemistry that has 
surprised or delighted me so much as this explanation of combus- 
tion. I was at first wonderint; what connexion there could be be- 
tween the affinity of a body for oxygen and its combustibility ; but 
i think I understand it now perfectly. - 

Mrs. B, Combustion, then, you see, is nothing more thai/the 
rapid combination of a body with oxygen, attended by the disen- 
gagement of liffht and heaft 

Emily. But are/(Viere no combustible bodies whose attraction for 
oxygen is so strong that they will combine with it, without the ap- 
plication of heat?^ 

Cc&oline Thafcannot be ; otherwise we should see bodies bur- 
ning spontaneously. 

My^. B. But there are some instances of this kind, such as/chos- 
phorus. potassium, and some coropctund bodies, iwhich I shall inere- 
after makeynu acquainted with. These bodies, however, are pre- 
par%l by «pi, for in general, all the combustions that could occur 
spontaneously, at the temperature of Jhe atmosphere, have already . 
taken place ; therefore new combustions cannot happen without 
the temperature of the body being raised Some bodies, however, 
will burn at a tnuch lower temperatn<e than otb^s. 

Caroline But the common way of burnflpg- a body is not merely 
to approach it to one already on fire, but rather to put the one in 
actual contact with the other, as when I burn this piece of paper by 
holding it in the flame of the fire. 

Mrs. B. The closer it is in contact with the source of caloric, 
the sooner will its temperatur- be raised to the degree necessary 
for it to burn If yon hold it near the fire, the same effect will be 
produced ; but more time will be required, as you found to be the 
case with the piece of stick. 

Emily. But why is it not necessary to continue applying caloric 
throughout the process of combustion, in order to keep up the elec- 
tric energy of the wood, which is required to enable it to combine 
with the oxygen ? 



403. When a substance burns, what does it absorb ? 

404. How are heat and light produced ? 

405. What is combustion ? 

40tTr. Why dp not bodies bum spontaneously ? 
407. What are instances of combustion without a previous in- 
crease of (emperatare ? ^. ,^^^^ ., Google 
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Mrs, B, nThe caloric which is gpradaally produced by the tiro 
electncitiesSdurinif combustioD keeps up the temperature of the 
burning bod^ ; so that if hen once combustion has begun, no fur- 
ther application of caloric is required?] 

Caroline. Since I hare learnt this -wonderful theory of combus- 
tion, I cannot help grazing at the fire ; and I can scarcely conceive 
that the heat and light, which I always supposed to proceed entire- 
ly from the coals, are really produced as much by the atmosphere. 

Emily, ynnen you blow the fire, you increase the combustion, I 
8Uppose,/by suppiyiog the coals with a greater quantity of oxygen 
gas^ ^ 

Jfirg. B, Certainly ; but of course no blowing will produce com- 
bustion, unless the temperature of the coals be first raised. A sin- 
gle spark, however, is sometimes sufficient to produce that effect ; 
for, as I said before, when once combustion has commenced, the 
caloric disengaged is sufficient to elevate the temperature of the 
rest of the bcxly, provided that therejbe a free access of oxj^gen. 
It however sometimes happens thatm a fire be ill made, it will be 
extingfuished before all the fuel is cotisumed, from the very circum- 
stance of the combustion being so slow that the caloric disengaged 
is insufficient to keep up the temperature of the fuell Ton must re- 
collect that there are three things required in oraer to produce 
combustion ; ^ combustible body, oxvgen, and a temperature at 
which the one«will combine with the othe?N 

EmUff. You said that combustion was dne method of decompos* 
ing the atmosphere, and obtaining the nitrogen gas in its simj^e 
state ; but how do you secure this gas, and prevent it from mixing 
with the rest of the atmosphere ? 



Mrs. B. It is necessary for this purpose t6 
burn the body within a close vessel, which is 
easily done. — We shall introduce a small light- 
ed taper under this glass receivor, whirJi stands 
in a basin over water, to prevent all communi- 
cation with (he external air."" 

Caroline. How dim the light bums already ! 
It is now extinguished. 

Mrs. B. Can you tell us why it is extin- 
guished ? 

Caroline. Let me consider. — The receiver 
was full of atmospherical air ; the taper, in 



Fig. 16. 




CoaibaatiM of ft taptr oader a 



'*' To make a taper, melt some bees wax, and dip into it a strip of 
cotton cloth about an inch wide, and before it is cold, twist it pretty 

408. Why is it not necessary to continue applying caloric 
throughout the process of combustion, in order to keep up the elec- 
tric energy of toe wood, which is required to enable it to combine 
with the oxygen ? 

409. Why does blowing the fire increase combustion ? 

410. Why will fire be sometimes extinguished before all the wood 
is consumed ? 

411 . What three things are necessary to produce combustion ? 

412. Why will a burning taper placed under a glass receiver, as 
m figfure 16, soon become extinguished ? ^ i 
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bumiDg within it, must have combined with the oxyg^en contained 
in that air, and thecaloric that was disengaged produced the light 
of the taper. Butj^en the whole of the oxygen was absorbed, the 
whole of its electricity was diseogaged^KOosequently no more ca- 
loric could be produced, the taper ce9sm to burn, and the flame 
was extinguished^ 

Mrg, B» Your explanation is perfectly correct. 

Emily. The two constituents of the oxygen gas being thus dis- 
posed of, what remains under the receiver must be pure nitrogen 
gas. 

Mrs. B. There are some circumstances which prevent the nitro- 
gen gas thus obtained, from being perfectly pure ; but we may 
easily try whether the oxygen has disappeared, by putting another 
lighted taper under it.— You see how instantaneously the flame is 
extinguished, for want of oxygen to supply the negative electricity 
required for the formation of caloric ; and were you to put an ani* 
mal under the receiver,/it would be immediately suffbcated!\ But 
thai is an experiment wnich 1 do not think your curiosity wijnempt 
you to try. 

Emily, Certainly not. But look, Mrs. B., the receiver is full of 
a thick white smoke. Is that nitrogen gas ? 

Mrs. B, No, my dear ; nitrogen gas is perfectly transparent and 
invisible, like common air. This cloudiness proceeds from a vari- 
etv of exhalations, which arise from the burning taper, the nature of 
w^ich you cannot yet understand. 

Caroline. The water in the receiver has now risen a little above 
its level in the basin What is the reason of this ? 

Mrs- B. With a moment's reflection, I dare say you would have 
explained it yourself. The water rises in consequence of the oxy- 
gen gas within it having been destroyed or rather decomposed, by 
the combustion of the taper. 

Caroline. Then why did not the water rise immediately when the 
oxygen gas was destroyed } 

Mrs. B. Because the heat of the taper, whilst burning, occasion- 
ed a dilatation of the air in the vessel, and a production of carbonic 
acid, which at first counteracted this eflect. 

Another mean^^f decomposing the atmosphere isltne oxygenation 
of certain metals^ This process is very analagousHo combustion ; 
it is, indeed, only 4 more general term to express the combination * 
of a body with oxygen. 

Caroline^n what respect, then, does it differ from combustion ? 

Mrs. B. /The combination of oxygen in combustion is always ac- 

hard. Cotton wick does better than the cloth. A quart tumbler 
makes a good receiver. Twp or three inches of the taper can be 
&8tened to a piece of wire, bent so that it will stand up. Thus the 
experiment is easily made.— C. 



413. How long will it barn thus placed under a receiver ? 

414. What would be the ccmsequence if an animal were placed 
under the receiver ? Why > 

415. What is another method of decomposing the air ? 

416. In what respect does oxygenation differ from the decompo- 
sition of air by comDUStion ? 

9* 
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companied by a disengagement of light and heat ; whilst this cir- 
cumstance is not a necessary consequence of simple oxygenation^ 

Caroline. But how can a body absorb oxygen without, the com- 
bination of the two electricities which produce caloric ? 

Mrs, BlGxygen does not always present itself in a g^eous forma 
it is a constituent part of a vast number of bodies, both solid andiT 
quid, in which it exists in a state of greater density than in the at- 
mosphere ; and from these bodies it may be obtained withouLmuch 
disengagement of caloric. It may likewise, in some case8,/be ab- 
sorbed from the atmosphere without any sensible prod action Wlight 
and heat ; for, if the process be slow, the caloric is disengaged in 
such small quantities and ^gradually, that it is not capable of pro- 
ducing either light or he^ In this case the absorption of oxygen 
is called oxygenation or oa^datiouy instead of com6tw<ton, as the pro- 
duction of sensible light and heat is essential to the latter. 

Emily, I wonder that metals can unite with oxygen ; for, as they 
are so dense, their attraction of aggregation must be very great ; 
and I should have thought that oxygen could never have penetrated 

such bodiesw . « , i .1 . 

Mrs, B. fr heir strong attraction for oxygen counterbalances this 
obstacle?) Most metals, however, require to be made red hot, be- 
fore the/ are capable of attracting oxygen in anv considerable 
quantity. By this combination they lose most of their metallic 
properties, and fall into a kind of powder, formerly called calx, but 
now much more oroperly termed an oxyd ; thus we havefoafyrf of 
lead.oxydofironSpo.* . . » , ^ 

I Emily, And in /the Voltaic batterv, it is, I suppose, an oxyd of 
zinc, that is formed by the union of the oxygen with that metal. 
Mrs, B.Yes,itis. , ^ ,^ . , * 1 u- ^ 

Caroline, The word oxyd, then, simply means a metal combined 

Mr8,B, Yes; but the Ifrm is not confined to metals, though 
chiefly applied to them. <Any body whatever, that has combined 
with a certain quantity of Oxyten, either by means of oxydation, or 
combustion, is called an oajyd, Jind is said to be oxydated or oxygena- 

kmUy, Metals, when converted into oxyds, become, I suppose, 

^Mrs, B. Not in general ;^ecau8e in most oxyds the positive en- 
ergy of the metal, more than counterbalances the native energnr of 
the oxygen with which it combineslX ., , . 

This black powder is an oxyd of mkng^ese, a metal which has so 

* Red Lead and Rust of Iron, — C. 



417. Does oxygen always exist in a gaseous state ? 

418. When is the absorption of oxygen called oxygenation, or 
oxvdation ? . 

419. How can oxygen penetrate metals, since their attraction of 
aggregation is so great f 

420. What ib the ofaenmnd same Ibr red lead and mst of iron? 

421. What is an oxyd ? 

422. If oxyds are a combination of taetali and oxygen, why are 
they not negative? 
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Strong: an affinity for oxygen, that it attracts that substance from - 
the atmosphere at any known temperature ; it is therefore ne^er 
found in its metallic form, but always in that of an ozyd; in which 
state, you see it has very little of the appearance of a metal. It is 
now heavier than it was before oxydation,in consequence of the ad- 
ditional weight of the ozvgen, with which it has combined. 

Caroline. I am very glsul to hear that ; for I confess I could not 
help having some doubts whether oxygen was really a substance, as 
it is not to be obtained in a simple and palpable state : but its weight 
is, 1 think, a decisive proof of its being a real body. 

Mrs. B. It is easy to estimate its weight, fBy separating it from 
the manganese, and finding how much the Is^er has loscj 

Emily. But if you can take the oxygen from the moMl, shall we 
not then have it in its palpable simple state ? 

»Vr*. B. No ; for I can 6nly separate the oxygen from the man- 
gfanese/By presenting to it some other body, for which it has a great- 
er affinity tnan for the manganese^ Caloric affording the two elec- 
tricities is decomposed, and one or them uniting with the oxygen, 
restores it to the aeriform state. 

Emily. But you said just now, that manganese would attract ox- 
ygen from the atmosphere in which it is combined with the nega.- 
tive electricity ; how, therefore, can the oxji^gen have a superior 
affinity for that electricity, since it abandons it to combine with the 
manganese ? 

J^rs. B. I give you credit for this objection, Emily ; and the on* 
ly answer 1 can make to it is, that the mutual affinities of metals for 
oxygen, and of oxygen for electricity, vary at different tempera- 
tures ; a certain degree of heat will, therefore, dispose a metal to 
combine with oxygen, whilst on the contrary, the former will be 
compelled to part with the latter, when the temperature is further 
increased. I have jffat some oxyd of manganese into a retort,"^ 
which is an earthen vessel with a bent neck, such as you see here. 
(See Fig 17, No. 1.) The retort containing the manganese you can- 
not see, as 1 have enclosed it in this furnace, where it is now red-hot. 
But, in order to make you sensible of the escape of the gas, which 
is itself invisible, I have connected the neck of the retort with this 
bent tube, the extremity of which is immersed in a vessel of water. 
(See Fig. 17, No. 2.) Do you see the bubbles of air rise through 
the water ?S 

Carolini. Perfectly. This, then, is pure oxygen gas ? What a 
pity it should be lost. Could you not preserve it ? 

)^o collect oxygen gas. take an oil flask, and having fitted a cork 
to it, pierce the cork so as to admit a bent glass tube ; (the bending 
is done over a spirit lamp.) Put into the flask some black oxyd of 
roang^ese, and poar on sulphuric acid enough to make it into a 
paste. Then put in the cork and tube, and having connected the 
other end of tne tube with a receiver, in the tub of water, apply the 
heat of an Argand lamp.V-C 



423. How can it be determined that oxygen has weight ? 

424. How can oxygen be separated from manganese after having 
been oxydated ? 

425. Haw may fnere oxygen be ooUected ? 

426. How would you describe the experiment represented in fig^ 
ure 17 ? 
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Fig. 17. 

2 (s:::::;^^ 




No. 1. A, retort on a tUnd.— No. 2. A, Furnace. B, Earthen Retort io the : .^.. 

C, Water Bath. D .Receirer. E E, Tube conTejio; the fas from the Retort through the 
water into the Receiver. F F Fi Shelf perforated on which the Receiver atandt. 

Mrs. B. We shall collect it in this receiver. For this purpose, 
you observe, I first fill it with water, ia order to exclude the at- 
mospherical air ; and then place it over the bubbles which issue 
from the retort, so as to make them rise through the water to the 
upper part of the receiver. 

Emily The bubbles of oxygen gas rise, I suppose, from their 
specific levity ? 

Jkfr* B. Yes ; for though oxygen forms rather a heavy g^,«t 
is light compared to watei^ You see how it gradually displaces tlS 
water from the receiver. It is now full of s^, and I may leave it 
inverted in water on this shelf, where I can keep the gas as long as 
I choose, for future experiments. This apparatus (which is indis- 
pensable in all experiments in which g^es are concerned) is called 
a water- bath.* 

Caroline. It is a very clever contrivance, indeed ; equally simple 
and useful. How convenient the shelf is for the receiver to rest 
upon under water, and the holes in it for the ^as to pass mto the re- 
ceiver ! I long to make some experiments with this apparatus.. 

J\irs. B. 1 shalllry your skill that way, when you have a little 
more experience, fl am now going to show you an experiment, 
which proves, in a Very striking manner, how essential oxy^n is 
to combustion. You will see that irqa itself will burn in this gas, 
in the most rapid and brilliant mannerA 

* A common large sized wash-tub, with a board 4 or 5 inches wide 
fixed through the middle, and about 6 inches from the top, and filled 
with water, will answer very well for a great variety of experiments 
on the gases.— C. 



427. How does the weight of oxygen g^ compare with that of 
water? 

428. How may the great tendency of oxygea to produce corobut- 
tion, be proved .^ 
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CaroUne, Really ! I did not kooir that it was possible to barn iroD. 

Emily* Iron i6 a simple body, and you know, Caroline, tbat^ill 
simple bodies are naturally positiridland therefore must ha^e airaf- 
finity for oxygen. J 

Mrs, B. Iron will, bowerer, not burn in atmospherical air with- 
out a Terv great elevation of temperature ; but it is eminently com- 
bustible in pure oxygen gas ; and what will surprise you still mor§. 
m can be set on fire witTOut any considerable rise of temperature^ 
Vou see this spiral iron wire.* — I fasten it at one end to this cork; 
which is made to fill an opening at the top of the glass receiver. 

Fig. 18. 

Emily, I see the opening in the receiver ; 
but it is carefully closed by a ground glass- 
stopper. 

Mrs. B, That is in order to prevent the gas 
from escaping ; but I shall take out the stop- 
per, and put in the cork, to which the wire 
hangs. Now I mean to bum this wire in the 
oxygen g^s, but I must fix a small piece of 
lighted tinder to the extremity of it in order 
to give the first impulse to combustion ; for, 
however powerful oxygen is in promoting 
combustion, you must recollect that it cannot 
take place without some elevation of tempera- combaition of iron wirt u 
ture. I shall now introduce the wire into the •*''«•" »"• 

receiver, by quickly changing the stoppers. 

Caroline, Is there no danger of the gas escaping while you 
change the stoppers ? ^ 

Mrs. B. Oxygen gas is a little heavier than i^mospherical ai^ 
therefore it ^11 not mix with it very rapidly ; and if I do not leavC 
the opening uncovered, we shall not lose aaj 

Caroline. Oh, what a brilliant and beautiful flame ! 

Emily. It is as white and dazzling as the sun ! — Now a piece of 
the melted wire drops to the bottom ; I fear it is extinguished ; but 
no, it bums^igain as bright as ever. 

Mrs. B. Qt will burn till the wire is entirely consumed, provided 
the oxygenis not first expendedj for you know it can burn only 
while there is oxygen to combine with it. 

Caroline. I never saw a more beautiful light. My eyes can 
hardly bear it ! How astonishing to think that all this caloric was 
contained in the small quantity of g^ and iron that was enclosed 
in the receiver ; and that without prodacing any visible heat ! 

Emily. How wonderfully quick combustion goes on in pure oxy- 

* The combustion of steel, as a watch spring, is much more vivid 
than that of iron. This affords a very beautiful experiment, and 
w easily made after the pxygen is collected. A bottle of white glass 
of a quart capacity does well as a receiver. An inch of water at 
toe bottom will prevent its breaking. — C. 



429. Why have all simple bodies an affinity for oxygen ? 

430. Will iron burn in oxygen gas without an elevation of tem- 
perature? 

431. Which is lightest, oxygen gas or atmospherical air ? 

432. How long will a piece of iron burn in oxygen gas)Dgle 
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gen gas I But pray, are these drops of burnt iron as beavy as the 
wire was before ? ^ 

Mrs. B. They are even heavier ; for the iron^ burning, has ac- 
quired exactly the weighti^f the oxygen whicnbas disappeared, 
and is now combined with itl It has become an oxyd of iron: 

Caroline. I do not know wriat you mean by saying that the oxy- 
gen has disappeared^ Mrs. B , for it was always invisible. 

Mrs. B. True, my dear ; the expression was incorrect. But 
though you could not see the oxygen gas, I believe you had nodotibt 
of its presence, as the effect it produced on the wire was sufficiently 
evident. 

Caroline Yes, indeed ; yet you know it was the caloric, and not 
the oxygen gas itself, that dazzled us so much. 

Mrs.B. You are nat quite correct in your turn, in saying the 
caloric dazzled you ;\^r caloric is invisible ; it effects only the sense 
of feeling ; it was the light which dazzled you| 

Caroline. True ; but light and caloric are such constant com- 
painions, that it is difficult to separate them, even in idea. 

Mrs. B. The easier it is to confound them, the more careful you 
should be in making the distinction 

Caroline. But why has the water now risen and filled part of the 
receiver ? 

Mrs. B. Indeed, Carohne, 1 did not suppose you would have ask- 
ed such a question ! I dare say, Emily, you can answer it. 

Emily Let me reflect . . The oxygen has combined with the 
wire ; the caloric has escaped ; consequently nothing can remain 
in the receiver, and the water will rise to fill the vacuum. 

Caroline. I wonder that I did not thinly of that. I wish that we 
had weighed the wire and the oxygen gas before the combustion ; 
we might then have found whether tho vreight of the oxyd was equal 
to that of both- 

Mrs.B. You might try the experiment if you particularly wish- 
ed it ; but I can assure you that, if accurately performed, it never 
fails to show that the additional weight of the oxyd is precisely equal 
to that of the oxygen absorbed, whether the process has been a real 
combusiion or a simple oxygenation. 

Caroline. But this cannot be thf case with all combustions in 
general ; for when any substance 's burnt in the common air so far 
from increasing in weight, it is evidently, diminished, and sometimes 
entirely consumed. 

Mrs. B. But what do you menu by the expression consumed.^ You 
cannot suppose that the smallest particle of »ny substance n nature 
can be actually destroyed. A compound body is decomposed b^ 
combustion ;(some n( its constituent parts fly off in a gaseous form 
nvhile others KMnain in a concrete state ; the former are called th^ 
\olalile^ the latter {\\e fixed products of combustioin But if we col- 
lect the whole of them, we sh^ll always fin(J thatTthey exceed the 
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433. Why will the component parts of a compound body that has 
been decomposed by combuKtion, weigh more than the compound 
body did ? 

434. What is the impropriety in saying that a person is dazzled 
by caloric ? 

435 Can a particle of any substance be actually destroyed ? /I P 

436. What is the fixed product in combustion ? 

437. What is the volatile product in combustioiiGoogle 
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weight of the combustible body, by that of the oxygen which has 
combined with them during combustion. 

Emily. In the combustion of a coal fire, then, I suppose that the 
ashes are what would be called the fixed product, and the smoke 
the volatile product ? 

Mrs, B. Yet when the fire bums best, and the quantity of vola- 
tile products should be the greatest, there is no smoke ; how can 
you account for that ? 

Emily, Indeed 1 cannot ; therefore I suppose that I was not right 
in my conjecture. 

•Hrs, B. Not quite ; ashes as you supposed, are a fixed product 
of combustion ; but smoke, properly speaking, is not one of the vo- 
latile products, as it consists of some minute undecomposed particles 
of coals which are carried off by the heated air without being 
burnt, and are either deposited in the form of soot, or dispersed by 
the wind. Smoke, therefore, ultimately becomes one of the fixed 
products of combustion. As you may easily conceive that the 
^ronger the fire is, the legs smoke is produced, because the fewer 
7)articles escape combustio^ On this principle depends the inven- 
tion of Argand's Patent Lamps ; a current of air is made to pass 
through the cylindrical wick of the lamp, by which means it is so 
plentifully supplied with oxygen, that scarcely a particle of oil es- 
capes combustion, nor is there any smoke. produced. 

Emily, But what then are the volatile products of combustion ? 

Mrs. B, Various new compounds with which you are not yet ac- 
quainted, and which being converted by caloric either into vapour 
or gpas, are invisible : but they can be collected, and We shall exam- 
ine them at some future period. 

Caroline. There are then other gases, besides the oxygen and ni- 
trogen gases. 

Mrs. B, Yes, several ; any substance that can assume and main- 
tain the form of an elastic fiuid at the temperature of the atmos- 
phere, is called a gas. We shall examine the several gases in their 
respective places ; but we must now confine our attention to those 
which compose the atmosphere. 

I shall show you another method of decomposing the atmosphere, 
which is very simple. Ho breathing, we retain a portion of the ox- 
ygen, and expire the nHrogen gas ; so that if we oreathe in a clos- 
ed vessel, for a certain ]ength of time, the air within it will be de- 
prived of its oxygen ffaw which of you will make the experiment? 

Caroline. I should bowery glad to try it. 

Mrs. B. Very well; breathe several times through this glass tube 
into the receiver with which it is connected, until you feel that your 
breath in exhausted. 

Caroline. 1 am quite out of breath already ! 

Mrs, B. Now let us try the gas with a lighted taper. 

Emily, It is very pure nitrogen gas, for the taper is immediately 
extinguished. 

Mrs. B. That is not a proof of its being pure, but only of the ab- 
sence of oxygen, as it is that principle alone which can produce 
combustion, every other gas being absolutely incapable of it* 

* This does not agree with the opinion that chlorine and iodine 
are simple bodies, since they are both supporters of combustion.-C 

438. Why is there no smoke when the fire bums best ? 

439. How c^u the atmosphere be decomposed by breathing | 
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EmUy* Id (he methods which yoa have riiown as, for decompo^ 
sing the atmosphere, the oxygen always abaadons the nitrogen ; 
but is there no way of taking the nitrogen from oxygen, so as to 
obtain the latter pure from the atmosphere? 

JIfrf. B. You mustobserre, that whenever oxygen is taken from 
the atmosphere, it is by decomposing the oxygen gas ; we cannot do 
the same with the nitrogen gfas^ecause nitrogen has a stronger af- 
finity for caloric than for any Mher known principle ; it appears 
impossible, th^fore, to separate it from the atmosphere by the pow- 
er of affinities^ But if we canngt obtain the oxygen g^ by this 
means, in its ^arate state, we have no difficulty (as you have seen) 
to procure it in its gaseous form, by mken it firom those substances 
that have absorbed it from the atmosphere, as we did with the oxyd 
of manganese. 

' Emiiy. Can atmospherical air be recomposed, by mixing due 
proportiona,of oxygen and nitrogen gases ? 

Mrs. B^TYcs : if about one part of oxygen g^as be mixed vUh 
about founparts of nitrogen gas, atmosplierical air is produced^ 

Emily, The air, then, myst be an oxyd of nitrogen ? 

Mrs. B. No, my dear i^r it requires a chemical combination 
between oxygen and nitral^eD io order to produce an oxyda whilst 
in the atmosphere these two substances were separately clmibined 
with caloric, forming two distinct gases, which are simply mixed in 
the formation of the atmosphere. 

I shall say nothing more of oxygen and nitrogen,' at present, as 
we shall continually have occasion to refer to Uiem in our future 
conversations^ They are both very abundant in nature ; £itrogen 
is the most plentiful m the atmosphere, and exists also in ali animal 
substances ; oxvgen forms a constituent part both of the animal and 
vegetable kingdoms^ from which it may oe obtained bv a variety of 
chemical meansS But it is now time to conclude our lesson. I am 
afraid you have learnt more to-day than yon will be able to remem- 
ber. 

Caroline, 1 assure you that I have been too much interested in 
it, ever to forget it. In regard to nitrogen th^re seems to be but 
little to remember ; it makes but a very insigfnificant figure in com- 
parison to oxygen, although it composes a much larger portion of 
the atmosphere. 

Jirr«. B^ Perhapsthis insignificance you complain of, may arise 
from th^ompouna\iature of nitrogen, for though I have hitherto 
considered it as a simple body, because it is not known in any nat- 
ural process to be decomposed, yet from some experiments of Sir H. 
Davy, there appears to be reason for suspecting that nitrogen is a 

* The proportion of oxygen in the atmosphere varies from 21 to 
22 per cent. 



440. Why may not oxygen be taken from the atmosphere so as to 
Itaxe the nitrogen pure ? 

441. How can atmospheric air be produced by the union of oxy- 
gen and nitrogen ? 

442. Why is not the union that takes place between oxygen and 
nitrogen in the production of atmospheric air, an oxyd ? 

443. Where do oxygen and nitrogen exist? 

444. Is nitrogen a simple or a compound substance^^ i 
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oompoiuk] body» as we ahaU Me afierwerds. But eren in its simple 
state it will not appear so insigpnficant when you are better ac- 
qoainted with it ; loir though it seems to perform but a passive part 
in the atmosphere, and has no yery striking properties, when con- 
sidered in its separate state, yet you will see oj and by what a very 
important agent it becomes, when combing with other bodies. But' 
no more of this at present ; we must reserve it for its properplace. 



CONVERSATICHt VH. 

ON HYDKOOEN. 

Caroline. The next simple bodies we come to are chlorine and 
lODms. Pray what kind of substances are these ? Are they also 
invisible ? 

Jirs. B, No; /lor chlorine, in the state of g^, has a distinct 
greenish color, Md is therefore visibly and iodine, in the same 
state, has a beautiful claret-red colour J These bodies, 1 have al- 
ready informed you, are, like oxygen ,jindowed with the negative 
electricity ; but the explanation of their properties, implies various 
considerations, which yon would not yet oe able to understand ; we 
shall therefore defer their examination to some future conversation, 
and we shaH go on to the next simple substance, htbrogem, which 
we cannot, any more than oxygen, obtain in a visible or palpable 
form. We are acquainted with it only in its gaseous state, as we 
are with oxygen and nitrogen. 

Caroline. But in its gaseous state it cannot be called a simple 
substance, since it is combined with heat and electricity P 

JIfrt. B. Tnie, my dear; but as we do not know in nature, of any 
substance which is not more or less combined with caloric and elec- 
triqit]r, we are apt to say that a substance is in its pure state when 
conibined with tnose ag^ents only. 

Hydrogen was formerly c^WeA/r^mmabU airi as it is extremely 
combustible, and bums with a gfiieat flame. Siute the invention of 
the new nomenclature, it has obtained the name of hydrogen, which 
is derived from two Greek words, the meaning of which wno prO' 
duee vfate/\ V 

Emiiy^kud how does hydr^ejLj>roduce water ? 

J^rt. B. /By its combustionT /Water is composed of 89 parts, by 
weigh . of oxygen, combined witti 11 parts of hydrogen ; £r of two 
parts, by bulk, of hydrogen gas, to one part of oxyg^en gasfS 

Caroline. ReaHy ! is it possible that water should be a c/nbina- 
tioD of two gfases^ and that one of these should be mflammable air ! 
Hydrogen must be a most extraordinary gas that will produce botU 
fire ana water. 

Emhf. But I thought ^ou said that combustion could take place 
in no gas but oxygen. 



445. Of what color are chlorine and iodine ? 

446. What d' esthe term hydrogen signify ^ 

447. What was it formerly called f 

448. How doeshydro|nen produce water ? 

449. In what proportums do oxygen and hydrogen conibineto 
produce water .> 10 Cc^f^aXo 

Digitized by VjOOQ IC 



110 HTDSOOEN. 

Jtfrf • JB. Do you recollect what the process of combustion coD' 

sists in i 

Emily, In the combinatioii of a body with oxygen, with diseu' 
gagement of light and heat 

Jdrs. B. Thi^'efore when 1 say thi^ hydrojpen is combustible, I 
mean/l^at it has an affiaitf for oxygen^ bnt, like all other combnsti- 
ble substances, it cannot burn unless supplied with oxygen, and also 
heated to a proper temperature. 

Caroline. I'he simply mixing 1 1 parts of hydrogen, with 89 parts 
rof oxygen ffas, will not. therefore, produce water. 

Jlfr« BfSoi water being a muchdenser fluid than rases, in or- 
der to reduce these g^ases to a liquid/tt is necessary to diminish the 
quai^ity of caloric or electricity whibb maintains tnem in an elastic 
form, j 

Emily. That I should think mieht be done by combining the 
oxygen and hydrogen together ; for in combining, they would give 
out their respectiye electricities in the form of caloric, and by this 
means would be condensed. 

CaroUrv, But you forget, Emily, that in order to make the oxy- 
gen and hydrogen combine, you must be^in by elevating their tem- 
perature, which increases, instead of dimmishmg, their electric en- 
ergies. 

Mrs B. Emily is, however, right ; for though it is necessary to 
jraise their temperature, in order to make them combine, as that 
combination affords them the means of parting with their electrici- 
ties, it 18 eventually the cause of the diminution of electric energy. 

Caroline. You love to deal in paradoxes to-day, Mrs. B, Fire, 
then, produces water. 

Mrs. B. The combustion of hydrogen eas certainly does ; but 
you do not seem to have remembered the theory of combustion so 
well as you thought you would. Can you tell me what happens in 
the comoustion of hydrogen gas ? 

Caroline. (The hydrogen combines with the oxygen, an4their op- 
posite electmities are disengaged in the form of caloricJ Yes, I 
think I understand it now— by the loss of this caloric, thegases are 
condensed into a liquid. 

Emily- Water, then, I suppose, when it evaporates and incorpo- 
rates with the atmosphere, is decomposed, and converted into by- 
drcM^en and oxygen gases. 

Mrs. B. No, my dear— 4here you are quite mistaken : itne de- 
composition of water is totally different from its evaporatmn ; for 
in the latter case (as you should recollect) water is only in a state of 
very minute division ; and is merely suspended in the atmosphere, 
witnout any chemic^ combination, and without any separation of 
its constituent parts* \ As long as these remain combined, they form 
WATER, whether interstate of liquidity, or in that of an elastic fluids 
aa vapor, or Under the solid form of ice. 



450. When it is said that hydrogen is combustible, what is inten- 
ded? 

461 . Will simply mixing eighty five.ptrts of oxygen and fifteen 
of hydrogen, produce water f 

452* What U necessary ? 

453. What happens in the combustion of hydrogen gas ? 

454. What is the difference between the decompositioa and erap- 
oration of water? ^ ^ . *^ , 
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In our experiments on latent heat, yon may recollect that we 
caused water successively to pass throo|^h tbese three forms, merely 
by an increase or diminution of caloric, without employing any 
power of attraction, or effecting any decomposition 

Caroline. But are there np iiiean.« of decomposiog water ? 

J^rs. B. Yes. seyeral ; feharcoal, and metals, when heat ed red hot, 
will attract the oxyren from water, in the same manner as they will 
from the atmospheroN 

Caroline, Hydrogen, I see, is like nitrogen, a poor dependant 
fi*iend of oxygen, which is continually forsaken for greater fovorites. 

Mrt. B- The connection, or friendship, as you cho«>se to call it, 
is much more intimate between oxygen and hydrogen, in the state 
of water, than between oxygen and nitrogen, in the atmosphere ; 
for^nn the first case, there is a chemical union and condensation of 
the TWO substances ; in the latter, they are simply mixed together 
in their gaseous state) You will find, nowoFer, That in some cases, 
nitrogen is quite as imimately connected with oxygen, aa hydnig^n 
is. But this is foreign to our present subjecL 

Emily. Water, then, is an oxyd, though the atmospherical air is 
not. > 

Jdra. B. /It is not commonly called an oxyd, though, according ta 
ourdefii»*iidB,«t vaa^, no doubt, be referred to that class of bodies j 

^nroline, I should like eztremelj to see water decomposed. ^ 

Mrs. 8. I can gratify your curiosity by a much more easy pro- 
cess than the oxydation or charcoal or metals ; Ahe deeomposition 
of water by these latter means takes up a great leal of time, and is 
attended witti much trouble ; for it is necessary that Hf^ charcoal 
or metal should be made red hot in a furnace, that the water should, 
pass over them in a state of vapmir, that the gas fi»rmed should be 
collected over the water bath, &c^ In short, it is a very complica- 
ted operation But the same effeoC mai be produced with the great- 
est &cility, by rbe action of the Voltaic battery, which this will give 
me an opportunity of exhibiting. 

Caroline. I am very glad of that, for I longed to see the power of 
this apparatus in decomposing bodies. 

Mrs, B. For this purpose ipll this piece of glass tube with wa- 



Fig. 18. *^ 




Apptraha for tb* dMompoaUion of wttcr bj tha VolUie BtttPry- 



ter, and cork it 
up at bfith ends ; 
through one of 
hecorkslintro- 
iuce that wire 
of the battery, 
which conveys 
the positive elec- 
tricity; and the 



455. What are the means of decomposing water ? 

456. What is the difference between the union of oxygen and ni- 
trogen, and the union of oxvgen and hydrogen ? 

457. May water be considered an oxyd ? 

458. What is the inconvenience of decomposing water by the ox- 
ydation of charcoal or metals i 

459. How may water be decomposed by the use of the Voltaic 
battery ^ 
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wire which ookrefs die neg^re electricify is made to pass thrbagh 
the other cork, so that the two wires approach eadh other sufficient- 
ly near to fire out their respective electricitieO 

Caroline. It does not appear to me that you approach the wires 
so near as you did when you made the battery act Dy itself. 

Mrs B mater^eing a better conductor of electricity than air, 
the two wires will At on each other at a greater distance in the for- 
mer, than in the latter case. 

EmUy. Now the electrical effect appears ; I see small bubbles 
of air emitted from each wire 

Mrs. B^ Each wire decomposes the water ; the positive by com^ 
bining with its oxygen, which i& -negative; the negative by com- 
bining with its hydrogen, which is positive. 

CaroHne. That is wonderfully curious ! but what are the small 
bubbles of air ? 

Mrs. B. Those that appear to proceed from the positive wire, 
aire the result of the decomposition of the water by that wire. That 
is to say. the positive electricity having combined with some of the 
oxygen of the water, the particles of hydrogen which were combin- 
ed with that portion of oxygen are set at liberty, and appear m the 
form of small bubbles of gas or air. 

Emily. And I suppose the negative fiuld, bavin^ in .the same 
manner combined with some of the hydrog^en of the water, the par- 
ticles of oxygen that were combined with it, are set free, and emit- 
ted in a gaseous form 

Mrs. B. Precisely so- But I should not forget to observe, that 

the wires used in Jthis experiment are madgof platina, a metal which 

/i8 not capable of combining « ith oxygfenj for otherwise the wire 

"^would combine with the oxygen, and the l^drogen alone would be 

disengaged. 

Caroline. But could not water be decomposed without the elec- 
tric rircle being completed ? If. for instance, you immers^ only the 
positive wire in the water, would it not combine with the oxygen, 
and the hydrogen gas be given out ? 

Mrs. 6. No ; for as you may recollect,fthe battery cannot act 
unless the circle be completed ; since the pOTitive wire will not give 
out its electricity , unless attracted by that of the negative wire."^ 

Caroline. 1 understand it now. ^ut look, Mrs. B., the decompo- 
sition of the water which has been going on for some time, does not 
sennilily dmini«h its quantity — what is the reason of that? 

Mrs. B. Because the quantity decomposed is so extremely small. 
If you compare the deo>;iiy of water with that of the gases into 
which it is resolved you must be aware that a f^ingle drop of water 
is sufficient to produce thousands of such small bubbles as those you 
now perceive. 

Caroline* But in this experiment, we obtain the oxygen and hv- 
drogen gases mixed together. Is there any means of procormg the 
two gases separately f 

Mrs, B. They can be collected separately with great ease by 



460. Which is the best conductor of electricity, water or air ? 

461. What remarkable property has platina f 

462. Wh> cannot water be decomposed unless the electric circle 
if completed f 
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modify iDg n litUe i\» •xperimeot Tha8,(ff instead of o»e tabe, we 
employ two, as yon tee here (c, d,) (Fi^. lb.) both tubes being clos- 
n:^ in ed at one end« and open at the Other) and 

if after filling these tubes with water, we 
place them standing in a srlass of water (e] 
with their open end downwards, you will 
see that the moment we connect the 
wires (a,- b,) which proceed upwards from 
the interior of each tube, the one with one 
end of the battery, and the other with the 
other end, the water in the tubes will be 
decomposed ; hydrogen will be givvn out 
rognd the wire in the tube connected with 
the positive end of the battery, and oxy- 
gen in the other , and these gases will be 
ippar.tu, fordeco„,po.i«ng wfr f^olved exactly in the proportions which 
by voHaic Electricity kod obtamiDf I bavc before mentioned, namely, tv^ 
tiwfMM separate. mcasures of hydro^cu for one of oxyge^ 

We shall now begm the experiment, bilt 
it will be some time before any sensible quantity of toe gases can 
be collected. 

Emily, The decomposition of water in this way, slow as it is, is 
certainly very wonderful ; but I confess that I should be still more 
gratified, if you could show it us on a larger scale, and by a quicker 
process. I am sorry that the decomposition of water by charcoal 
or rof lals is attended with so much inconvenience. 

•Mrg B. Water may be decomposed by means of metals without . 
any difficulty ; but for this purpose the intervention of an acid is re- 
quired Tbu«, tf we add some sulphuric acid (a substance with the 
nature of which you are not yet acquainted) to the water which the 
metal is to decompose, the acid enables the metal to -combine with 
the oxygen of the water so readily and abundairCly, that no heat is 
required to hasten the process. Of this I am going to show you an 
iastance. MTut into this bottle the water that is to be decomposed, 
the metal tfei is to effect that decomposition by oombinin^ with the 
oxygen, and the acid which is to facilitate the combination of the 
metal and the oxygenf^ You will see with what violence these will 
act on each other,* ^ 



* To obtain hydrogen, fit a cork air tight to an oil flask, and piej^ce 
it with a burning iron, io admit a tube. The^be may be of glass,* 
lead, or tin, bent to a convenient shape, and put into the opening 
mtde by the hot iron. Pour into the flask about a gill of water, and 
drop into it about an ounce of zinc, granulated by melting, and 
poering it into cold water. Then pour in half an ounce by measure 
of sulphuric acid, and immediately put the cork into its place, and 

Saoge the other end of the tube under a receiver, or large tumbler, 
led with water, and inverted in the water bath. The fiask^ws 
hot and the gas begins to rise, the instant the acid is poured in ; a 
place therefore must previously be prepared to set it ; and if nothing 
oetter is at band, a bowl, with a cloth in it, to prevent breaking 
the flask, and set at a convenient height will do very well.— C. 

463. How can water be decomposed so as to procure the two 
ptses separate ? 

464. How may water be decomposed by means of iron filings ? 
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Caroline. But what metal is it that you employ for this pujppose ? 

JIfrj. B. It is iron ; and it is used in the state of filmgs,^ these 
present a greater surface to the acid than a solid piece ormetaTV 
For as it is the surfece of the metal which is acted upon by the acidf 
and is disposed to receive the oxygen produced by the decomposi- 
tion of the water, it necessaru> follows that the greater is the sur- 
face, the more considerable is the effect The bubbles which are 
uoyr rising on the hydrogen ga o 

Caroline. How disagreeable it smells ! 

JVrf . B. It is indeed unpleasant, though I believe not particularly 
hurtful. We shall not, however, suffer any more to escape, as it 
will be wantei for experiments. I shall therefore collect it in a 
glass-receiverfby making it mss through this bent tube, which will 
conduct it intoxhe water-bathS (Fig. 20. No. I.) 
^ig.20. 




1. Apptntni for fTtpuiiv ud colketing hjdfgaa gwt. -2. Rmmtu- fiill of bydrogvo gim 
inrerted over water. 

Emily. How very rapidly the ^as e^icapes ! it is perfectly trans- 
parent, and without ant colour whatever. N ow the receiver is full. 
JUrs. B. We shall therefore remove it and substitute another in 
its place. But you must observe, that when the receiver is full, it 
is necessary to keep it inverted with the mouth under water, other- 
wise the gas would escape. And in order that it may not be in the 
way, I introduce within the bath, uiKler the water, a saucer, into 
which I slide the receiver, so that it can be taken out of the bath 
and conveyed any where ; the water in the saucer being equally ef- 
fectual in preventing its escape as that in the Utb. (Fig. 20. No. 2.) 

Emily. 1 am quite surprised to see what a lar^e quantity of hy- 
drogen gas can be produced by so small quantity of waterj especi- 
ally as oxygen is the principal constituent of water. 

Jdrt.B^ In weight it is; bdt not in volume. For though the pro- 
portion, hg weight, is nearly eight parts of oxygen to one of hydro- 
gen, yetine proportion of the volume of the gases is about one part 

' ' 

465. Why t^re iron filings, in this experiment, better than a solid 
piece of metal? 

466. How may hydrogen gas be collected as the water is decom- 
posed? 

467. What are the proportions of oxygen and hydrogen ia water .^ 
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of oxygen to two of hydrogen^ so much heavier is the former than 
the latter.* ^ 

Caroline, But why is the vessel in which the water is decomposed 
so hot ? As the water changes from a liquid to a g^aseous form, cold 
should be produced instead of heat. 

Jtfr*. B. No ; for if one of the constituents of water is converted 
into gas« the other becomes solid in combining with the metal. 

Emily. In this case, then« neither heat nor cold shouM be produ- 
ced ? 

Mr*. B. True ; but observe that the sensible heat which is dis- 
engaged in this operation, is not owing to the decomposition of the 
water, but to an extrication of heat produced by the mixture of wa- 
ter and sulphuric acid. I will mix some water and sulphuric acid 
together in this glass, that you may feci the surprismg quantity of 
heal which is disengaged by their union — now take hold of the glass. 

Caroline Indeed I cannot ; it feels as hot as boiling water. I 
should have' imagined there would have been heat enough disengfa- 
ged to have rendered the liquid solid. 

' Mrs B. As, however, it does not produce that effect, we cannot 
refer this heat to the modification called latent heat. We may 
however, I think, consider it as heat of capacity, since the liquid is 
condensed by its loss ; and if you were to repeat the experiment, in 
a graduated tube, you would find the two liquids, when mixed, oc- 
cupy considerably less space than they did separately. But we will 
reserve this to another opportunity, and attend at present to the 
hydrogen gas which we have been producing. 

If I now /Si the hydrogen gas which is contained in this receiver 
at liberty am at once, and kindle it as soon as it comes in contact 
with the atmosphere, by presenting it to a candle, it will so sudden- 
ly and rapidly decompose the oxygen gas, by combining with its ba- 
sis, that an explqupn. or a detonation (as chemists commonly call it] 
will be producedj For this purpose,! need only take up the receiv- 
er, and quickly i^/esent its open mouth to the candle-* so . . . 

Caroline. It produced only a sort of iiissing noise, with a vivid 
flash of light I had expected a much gnopater report. 

Mrs. S. And so it would have beenjmad the gasesbeen closely 
confined at the moment they were maole to explodeA If, for in- 
stance, we were to put in this bottle a mixture of hydrogen gas and 
atmospheric air ; and if, after corking the bottle, we should kindle 
the mixture by a very fine orifice, from the sudden dilatation of the 
gases at the moment of their combination, the bottle must either 
fly to pieces, or the cork be blown out with considerable violence. 

Caroline But in the experiment which we have just seen, if you 
did not kindle the hydrogen gas, would it not equally combine with 
the oxygen f 

Mrs. B. Certainly not : for, as 1 have just explaided to yon, it is 
necessary that the oxvgen and hydrogen gases be burnt tog^er, 
in order to combine cnemically and produce water. 



* Hydrogen is about ^ times lighterlhan atmospheric air.^C. 

468. How much lighter it hydrogen than ccmmon air ? 

469. How can hydrogen gas be made to produce an ex;pIosioQ 
with a loud report ? 

470. How can the experiment named be varied so^ to produce 
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Caralme. That is true ; but I thought thii was a different com- 
foinatioD, for I see no water produced. 

Mrt. is. The water resulting from this detonation iwas so small 
in quantity, and in suchastateof minute^division, as to be invisible. 
But water certainly was produced ; foiv^xyg^en is incapable of com- 
bining with hydiogen in any other preftortions than those which 
form waters therefore, water must always be the result of their 
combinalioff. 

If, instead of bringing the hydrogen gas into sudden contact with 
the atmosphere, (as we did just now,) so as to make the whole of it 
explode the moment it is kindled, we allow but a very small surface* 
of gas, to burn in contact with the atmosphere, the combustion goes 
on quietly and gradually at the point of contact, without any deto- 
nation, because the surfaces brought together are too small for the 
immediate union of the gases. The experiment is a very easy one. 
This phial, with a narrow neck, (Fig. 21, No. I.) is full of hydrogen 
gas, and is carefully corked. If I take out the cork without mo- 
ving the pbial, nod quickly approach the candle to the orifice, you 

will see how different the result will be * 

(Fig. '21.) Emily. How prettily it burns, with a blue flame ! 

^ The flame is gradually sinking within the phial — 

now ii has entirely disappeared. But does not this^ 
combusUon likewise produce water ? 

Ji/r*. B. Undoubtedly. In order to make .the 
formation of the water sensible to you I shalh/pro- 
cure a fresh supply of hydrogen gas, by puttin|^to 
this bottle (Fig. 21. No. 2) iron filings, water, and 
sulphuric acid, rMaterials similar to those which we 
have just used for the same purpose. I shall then 
cork up the bottle, leaving only a small orifice in 
the cork, with a piece of glass tube fixed to it, 
through wjuch the g^ will issue in a continued ra- 
pid streamTj 
Cnroline/l hear already the hissing of the gas 
^through the tube, and I can feel a strong current 
against my hand. 
J\Ir8. B. This current I am going to kindle with 

^ the candle— see how vividly it burns 

^ Emily. It burns like a candle with a great flame. 

" But why does this combustion last so much longer 

jy Slow ooinb,.8ti^oBthan in the former experiment ^ 

AppaVtuf"rm«tr*: J^rif, B, Tho combustiou gocs 00 Uninterruptedly 

tiog the formation ofas \oti^ as tbc uow gas contiuues to be produced. — 

water by the conbo^Qw if I iovcrt this rccciverover the flame, you will 

tioD of bydrojfeo gtfff '' 

* The levity of hydrogen is such, that if a vessel be filled with it, 
and kept inverted, it may be carried about the room without its es- 
caping. The above experiment therefore may be made by bring- 
ing a small jar, or tumbler of gas over a lighted lamp.— C. 

47 1 . Can oxygen and hydrogen coinbine in any other proper* 
tions than to produce water ? 

472. What is represented in figure 21 ? 

473. How can it be made to burn like a candle ? 

474. If an inverted receiver filled with hydrogen ga* beheld over 
the flame of a lamp, what will be seen on ito intemid surface f 
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•000 peroeiventM internal Bnrface coTered with a very fine dew, 

whicb is purcVAterTp-* 

Caroline, Yes, iofleed ; the ^ass is now quite dim w>th moist- 
ure I How glad I am that we can see the water produced bj this 
com bastion. 

EmUy. It is exactly whati was anxious to sec ; fori confess I 
was a little incredulous. 

Mrs B. If \ had not held the g^lass bell over the flame, the wa- 
ter would have scaped in the state of vapour, as it did in the former 
experiment We have here, of course, obtained but a very small 
quantity of water ; but the difficulty of p roc u ring a proper appara- 
tas, with sufficient quantities of gases, prevents my showing it you 
on^ larger scale. 

(The composition of water was discovered about the same period, 
wrw-by Mr. Cavendish, in this country, and by the celebrated 
French c^temist, Lavoisier?^ The latter invented a very perfect 
and ingenious apparatus,!© pi/form with great accuracy, and upon a 
larje scale, the rormatugm of water by the combination of oxygen, 
and hydrogen gases. /Two tubes, conveying due proportions, the 
Mie of oxygen the otfter of hydrogen gas, are inserted at opposite 
woes of a large globe of glass previously exhausted of air ; the two 
streams of gas are kindled within the globe, by the electrical spark, 
at the point where they come in contact ; they burn together, that 
fit 1-^^' *^^ hrdroflren combines with the oxygen, the caloric is set 
!L u!*! ^lu*^** ; quani-^y of ^sitor ia produced, exactlr, equal in 
veiprht to that of the two gases introduced into the glotie?\ 

Caroline And what was the greatest quantity of witer ever 
lonned in this apparatus f 

Mrs. B, Several ounces ; indeed, very nearly abound, if I recol- 
lect right , but the operation lasted many davs. 

Emity, This experiment must have convinced all the world of 
the truth of the discovery. Pray if improper proportions of the 
8^* '^eje mixed and set fire to. what would he the result ^ 

Mrs, S. /Water would equally be formed, but there would be a 
residue of Vther one or other of the gases, because, as I have al- 
ready told you, hydrogen and oxygen will combine only in the pro- 
portions requisite for the formation of watei) 
,^^^'y Look, Mrs. B., our experiment vA\h the Voltaic battery, 
ISee Fig. 19,) has made great progress ; a quantity of gas has been 
jormed in each tube, but in one of them there is twice as much as in 
'n the other 

Mr* B. Yes ; because, as I said before, water is composed of 

. T^ burning of a candle, lamp, wood, &c. alwavs produces wa- 
JT" O"® tallow and oil contain hydrogen, and during combustion, 
t uoHes with the oxygen of the atmosphere. Hold a wide tube 
over a lamp, and it is soon covered with moisture. Wood contains 
nydrogenV-C. 

4-fi uf?*^ " «w»<cr produced by the burning of a candle, lamp Ac, ^. 

477 » ***^ chemists discovered the composition of water ? 
8i«i J ^^ W0UI4 you describe the apparatus invented by Lavoi- 

47ft w°^^®^'°? oxygen and hydrogen gases into water .? 
and K ^ ** ^ould be the result if other proportions of oxygen 
JJ«j hydrogen gas were mixed than is proper for the produption of 
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tiro Tolumesof hydroffea to one of oxygen— and if we should now 
mix these g^ases togetber and set fire to tnem bj an eiectricai spark, 
both ffases ironld entirely disappear, and a small quantity of water 
would be formed. 

There is another carious effect produced by the combustion of 
hydrogen eas, which 1 shall show you; tbouffh i must acquaint you 
first, that I cannot well explain the cause of it For this purpose, I 
must put some materials into our apparatus, in order to obtain a 
stream of hydrogen gas, just as we have done before. The process 
is already g^ing on, and the gas is rushing through the tube, 1 shall 
now kindle it with the taper. 

Emily. It bums exactly as it did before— What is the curious 
effect wDich you are mentioning ? 

Mr$. B. instead of the receiver, by means of which we hare 

just seen the drops of water form, we shall invert over the fiame this 

piece of tube, which is about two feet m length, and one inch in diam- 

(Fig. 22.) eter, but you must observe that it is open at both ends. 

Emily. What a strange noise it produces ! something 

like the JEolian harp, hut not so sweet. 

Caroline, It is very singular indeed ; but! think rath- 
er too powerful to be pleasing And is not this sound 
accounted for ^ 

Mrt. B. That the percussion of glass, by a ram^ 
stream of gas, should produce a soun^.- *• "^^ extraordi- 
nary ; but tlie Miuiui^A»A u 40 peculiar, that no other 
gas nas a stmiiar effect. Perhaps it is owing to a brisk 

X vibratory motion of the glass, occasi ned by the succes- 
sive formation and condensation of small drops of water 
on th# sides of the glass tube, and the air rushing in to 
replace the vacuum formed.* 
Caroline. How very much this flame resembles the 
burning of a candle. 
Jf r«. B The bujAing of a candle is produced by much 
the same roet*ns- m^great deal of hydrogen is contained 
in candles, whetheHif tallow or wax- This hydrogen be- 
ing converte<l into gas by the heat of the candle, com- 
bines with the oxygen of the atmosphere, antl flame and 
wnter refluk from the combination. So that in fact, the 

["f^rfiame of a candle is owing to the combustion of hy< Jrogen 

.>rS«!^' Htr-flrasV An elovatiou of temperature, such as is produced 
moak ■oundi hygy <^|^||(ed match or taper is reouired to give the first 
If Mw»r^H™P"*'® ^^ ^^ combustion ; but afterwards it goes on of 
itself hecaase the candle finds a supply of caloric in the successive 
quantities of heat which result from the union of the two electrici- 
ties given out by the gaseft during their combust on. But there are 
other circumstances connected with the combustion of o«iadtes and 
lamps, which I cannot explain to ;^ou till you are acquainted with 
carbon, which is one of their constituent parts. In general, howev- 
er, whenever you see flame, you may infer that it is owing to the 





* This ingenious explanation was first sng^gested by Dr. Delarive. 
See Journals of the Royal Institution, vol. i p. 259. 



479. What curious experiment is exhibited in figure 22 ? 

480. How is a common candle made to born ^ 
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formation and burning of hydrogen g[a8*f ; for flame is the pecu- 
liar mode of burning hydrogen gas, wbicb with only one or ti^o ap- 
parent exceptions, does not belong to any other combustible. 

EnuHf, You astonish me ! I understood that flame was the calo- 
ric produced by the union of the two electricities, in all combus- 
tions whatever ? 

Jirs, B, Your error proceeded from your vague and incorrect 
idea of flame ; you hare confounded it with li^ht and caloric in 
general. /Flame always implies caloric, since it is produced by the . 
combustidn of hydrogen g^ ; but all caloric does not imply flam^ 
Many booies bum with intense heat without producing flam^ 
Coals, for instance, bum mth flame, Mntil all the hydrogen which 
tbey contain is evaporated 7) but wheirthey afterwards become red 
bot, much OKMre caloric H disengaged than when they produce 
flame. 

Caroline* But the iron wire, which you burnt in oxygen ^as, ap- 
peared to me to emit flame ; yet, as it was a simple metal, it could 
contain no hydrogen. 

JMrt, B. It produced a sparkling, dazzling blaze of light, but no 
real flame. 

Emily. And what i»the cause of -the regular shape of the flame 
of a candle?^ 

Jlfrt. B./rhe regular steam of hydrogen ga3, which exhales from 
its combusQble matter.\ 

Caroline. But the h^rogen m must, from its great levity, as- 
cend into the upper regions of the atmosphere ; why, therefore, 
does not the flame continue to accompany it ? 

Jin. B. The combustion of the hydrogen gas is completed at the 
point where the flame terminates : it then ceases to be hydrogen 
gas, as it is converted, by its combination with oxygen, into watery 
,vapour ; but in a state of such mmute division as to be invisible. 

Caroline. I do not understand what is the use of the wick of a 
candle, since^the hydrogen gas bums so well without it. 

Mrs, B, /The combustible matter of the candle must be decom- 
posed in order to emit the hydrogen gas : and the wick is instru- 
mental in effecting this decomposition. Its combustion first melts 
the combustible matter, and— 

CaroUne. But, in lamps, thexombustible matter is already ^nid, 
and vet tbey also require wicks. 

Jttrt . B. I am gomg to add, that afterwards, the burning wick 
(by the power of capillary attraction) gradually draws up the fluid 
to the point where combustion takes place ; foi you must have ob- 
served that the wick does not burn quite to the bottom.} 

'^Or rather kudro-earhonai^ a gas composed of hydr^eil and car- 
bon, which will be noticed under the head Carbon, 

f/The candle also contains carbon, which fives brilliancy to the 
flaiAe, and the product of combination besi&s flame and water is 
a quantity of carbonic acid.WC. 

» I. I ■ II. ■ ■ " ■ / .^ I .. ■ 

481. WhiiU%i»aiidiiiiih»noUofthehvriwngofacmidU7 
48t. What is flame > 

483. How lonff will coals bum with flame ? 

484. To what is the regular shape of the flameof a candle owing ? 

485. If the flame of a candle is produced by Hydrogen gas, why 
i« the wick iDiecesiaryf ^ , 
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Caroline. Yes ; but I do not understsad wfa j it does Dot. 

Mrs, B. Because the air has not so free an acceta to that part of 
the wick which is immediately in contact frith the candle as to the 
pdrt just aboye, so that the heat there is not sufficient to produce 
Its decomposition ; the combustion, therefore, begins a little above 
this point.* 

Caroline. But, Mrs. B., in those beautiful lights, called gas 
lights, which are now seen m so manj streets, and will, 1 hope, be 
soon adopted erery where, I can perceive no wick at all. .How 
are these lights managed ^ 

Mrs. B, I am glad you have put me in mind of saying a few 
words on thisvery useful and important improvement In this mode 
of lightingyfne gas is conveyed to the extremity of a tabe, where 
it is kindled^nd burns as long as the supply continues^ There is 
therefore, no occasion for a wick, or any other fuel whatever. 

Emily. But how is this gas procured in such large quantities ? 

Mrs. B. It is obtained from coal, by distillation. Coal, when 
exposed to heat in a close vessel, is decomposed ; and hydrogen, 
which is one of its constituents, rises in the state of gas, combined 
with anothecof its component parts, carbon, forming a compound 
gas, called (tydro-Carhonat^ihe nature of which we shall again 
have an opportunity of noticing when we treat of carbon. This 
gas, like hydrogen, i* perfectly transparent, invisible, and h ghly 
inflammable ; and, in burning, it emits that vivid light which you 
have so often observed. 

Caroline. And does the process for procurrag it require nothing 
but/neating the coals, and conveying the gas through tubes ? 

Mk8 B. Nothing else, except that the gas must be made to pass, 
immediately at its formation, through two or three large vessels of 
water,! in which it deposits some other ingredients, and especially 

ter, tar. and oil, which also arise from the distillation of cpalsS 
. je gas-light apparatus, therefore, consists simply in a large ireor 
essei, in which the coals are exposed to the heat of a furnace,-^ 
some reservoirs of water, in which the gas deposits its impurities, 
and tubes that convey it to the desii^ spot, being propelled with 
uniform velocity through the tubes by means of a certain degree of 
pressure which is made upon the reservoir.N 

* In the burning of a candle, the reason why combustion does not 
take place in immediate contact with the tallow, is, thati^e caloric 
is here employed in converting' a solid into a fluid, as explained in 
the conversation on free calonc. In the burainr of a lamp, if the 
same thing takes place, it is because the metaUictube through 
which the wick passes, conducts off'the hcat.V C. 

f The gas is passed through one vessel of ^cked lime and water 
to absorb the carbonic acid gas, with which it is always more or 
less mixed, when first distilM.— C. 



486. Why is it that the wick of a candh does not bum to the bot- 
tom? 

487. How are gas lights made to bum without wicks? 

488. What is the gas called, used in lighting the streets of some 
large cities ? 

489. How is it obtained ? 

490* Of what does the gas light apparatus consist ? 
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Emily, Wbatan admirable coDtriyanoef Doyon not think, Mrs. 
B., that it will soon be uniyenally adopted? 

Jlfr#. B. Most probably ; ^r the purpose oflighting' streets, offi- 
ces, and public places, it rar sWpasses an v former inyeotion A but in 
regard to the interior of prirate houses, this mode of lightingp4ias not 
yet been sufficiently tricNl to knoir whether it will be found gene- 
rally desirable/either with respect to economy or conrenience. It 
may, however, be considered as one of the happiest applications of 
chemistry to the comforts of life ; and there is every reason to sup- 
pose that it will answer the full extent of public expectation. » 

I have another experiment to show you with hydrogen pas, which, 
1 think, will entertain you. Have you ever blown bubbles with 
soap and water ? 

Emily, Yes, often, when I was a child ; and I used to make them 
float in the air by blowing them upwards. 

Mrs, B, We shall fil some bubbles with hydrogen gasJinstead 
of atmospheric air, md you will see with what ease and^pidity 
they will ascend, without the assistance of blowing, from the light- 
ness of the gas.— Will you mix some soap and water, whilst f fill 
this bladder with the g^ contained in the receiver which stands on 
the shelf in the water bath ? 

CaroUne. What is the use of the brass-stopper and turn-cook at 
the top of the receiver ? 

Mr$, B. It is to atTord a passage to the gas, when reouired. There . 
is, you see, a similar stop-cock fastened to this blaader, which is 
made to fit on the receiver. I screw thekn one on the other, and 
now turn the two cocks, to open a communication between the re- 
ceiver and the bladder ; then, by sliding the receiver off the shelf, 
and rently sinking into the bath, the water rises in the receiver, 
and forces .the gas into the bladder. (Fig. 23, No. I.) 

Caroline, Tes. I see the bladder swell as the water rises in the 
receiver. 

Jlfrt . B» I think that we have already a sufficient quantity in the 
bladder for our purpose ; we must be careful to stop both the cocks 
before we separate the bladder from the receiver, lest the g^s should 
escape. — Now I must ^;f. a pipe to the stopper of the bladder, and by 
dippmg its mouth into the soap and water, take up a few drops : then . 
I again turn tbe cock, and squeeze the bladder, m order to force the 
gas into the soap and water, at the mouth of the pipe. (Fig. 23, No« 
%) 

Emily, There is a bubble; but jt bucsta tefSow it leaves tb» 
nouthof the pipe. 

Mrs. B» We must have patience and try Ag^r; It is pot sp easy 
to l^ow bubbles by means of a bladder, as simply with the bceath^ 

Psro/tne. F^rl^^ps there is not soap enopgh in the water. I sbonld 
kavehad warm water ; it would have dissolved the soap better^, 
^nii/y. Does jQQt some of the ^jeacapel>cttweeQ.||iieb]badd9riM|4 



\ «k*^^ 



.^1. What is said of lighting streets, offices, and public places 
^tb this g^ f 

gt Hiow can bnbblesof soap and water be oiade (• float ia'lbe«il? 
^ How can these bobbles be made so as to explode on settnr ^ . 
tothsm? (See page 123.) n i 

^H^ What is represented in 23, No. 1 and 2f ^ "^^ ^^ Google ^ 
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Apfwrttat for tnuMftrriof fMc« from a R«oeiT«r into a bUddcr. No. 9. Appantot for 
blowiof Smp bat>bIei.*N 

Mrs. B, No ; Oi6y are perfect^' air ti^t ; we sball succeed pre- 
setitty, I dare say. 

CaroUne. Noir a babble ascends ; it moves irith the rapidity of a 
balloon. Hoir beantifuil^ it refracts the light. 

Emify, It has burst against the ceiHng — jou succeed now won- 
derfully ; but why do they all ascend and burst against the ceilinr f 

Mrs, B. Hym^n gas is so mdch hitter than atmospherical an*, 
thttl it ascends rapidly with its very light envelope, which is burst 
by the force with which it strikes tbe4:eiUnjg. ^ 

^r-bMOons are filled with, this gas^jandif they carry no <yther 
w6Mt than their covering, would ascentfas rapidly as these bujbfbles* 

OaroKne. Tet their covering most be much heavier than that of 
these bobbles ? 

Mrs. B. Not in proportion to the quantity of gas th^ contaift. 
I lAo net know n^hetfaer you have ever neen present at the iilling of 
Jk large balloon. The apparatus for that purpose is very simple. 
Utconsfsts of a number of vesslels, either jars or barrels, in wbich the 
\[iaterials for the formation of the gas are mixed, eacb of these be- 
ing furnish^ wilba tube, and communici^^ng with a long flexible . 
pipe ffWch conveys the gas into the baUoonij 

EntHy. But the fire-ba^hxms which were flrst invented, and hate 
been since abandoned, on aooount of their being so dangeroiil» 
wQre constructed* I soApose, oa a Hi«M<mt principle. >. 

Mr9. B. ^jfhey were filled simply with^tbnotpbencal airJoonskler- 

494. With what are air ballooas filled ? 

495. What it fheapparatnt for Wng m hfge battoon with 1iydf»- 

49lrWith what wve fire balkmiffiM? r- i 

497. Whywerathey^bandooelf Digitized by L^oogle 



Mj rarefied by heat ; an^UtSe neoewity of baying a fire undemeatb 
tbe balloon, in order to preserve the rarefaction ^ tbe air witbin it, 
was the circumstance productive of so much daog^ei^ 

If yoa are not let tired of experiments, 1 have niother to show 
you. It consists In filling soap*bubbles with a mixture of hydrogen 
and oxygen g^asi^Hn the proportiooa that form water ; and after- 
wards setting fire to thern^ 

EnUhf, They will detonate, I suppose. 

Mrt, B, Tes, they will. As you haye seen the method of trans- 
ferring tbe gas from the receiver into the bladder, it is not necessa- 
ry to repeat it I haye therefore provided a bladder which coi^tainB 
a due proportion of oxygen and hydrogen gases, autd we have only 
to blow bubbles with it. 

Caroline. Here is a fine large bubble rising— shall I set fire to it 
with a candle ? 

•Wir*. B. If you please— 

Caroline, Heavens, what an explosion I* It was like tlie report 
of a ^eo : [ confess it frightened me much. I never should have 
inagined it could be so loud. 

J5tfi%. And ^be flash was as vivid as lighting. 

Mrs. B. The combination of the two gases take place during 
that instant of time that you see the flash, and hear tbe detonation. 

Emily, This has a strong resemblance to thunder and lightning.f 

Mrs. B. These phenomena, however, are generally of an electri- 
fitA. nature. Tet various meteproligical effects may be attributed 
to accidental detonations of hydrogen gas in the atmosphere ; for 
iiiatore abounds with hydroj^en ; it constitutes a very considerable 
portion of ilie whole mass of water belonging to our globe, and from 
that source almost every body obtains it. It enters into the com- 
position of all animal su^ances, an4.flfa|^reat number of minerals ; 
nut it is most abundan(fin v^etablesT^^rom this immense variety 
of bodies it is often Jpontaneously ^scharged ; its gpreat levity 
nmkes it rise into the superior regions of the atmosphere ; and 
<wheo, either by an electrical spark, or any casual elevation of tem- 
perature, it takes fire, it may produce such meteors or luminous 
appearances as are occasionally seen io tbe atmosphere* Of this 
kind are probably those broad flashes which i^m often see on a 
summer evening, without hearing any detonationTl 

Emily. Every flash, I suppose, must produce a ^antity of water? 

Caroline. And this water, naturally, descends in the form of rain. 

Mrs. B. That probably is often the case, though it is not aneces- 

* In making this experiment, always be careful to turn the stop- 
coek, or detach the bubble completely from tbe pipe before it is set 
^f^ to ; otherwise a sad accident may happen from tbe gas takinfif 
ire in the bladder.— C. 

^ .^he report js owing to the air, rushing in to fill the vacuum, 
^smtA by the condensation of the two gases, and the heat extrica- 
ted tX the same instaotV-C. 

'4i)8.i Row can babbles be made of soap and water so as to ex- 
plode with a loud report, on setting fire to them ? 
499. To %ohat Uil said in ik9noU thai lher^a<n^ is owing t\ 
fiOO, In what substances is hydrogen most abundant } 
591. How may heat lightning be aeoonnted for f 
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sary coosequence ; for the water may be dissolved by the atmds- 
pbere, as it descends towards the lower regions, and remain there 
m the form of clouds. 

The application of electrical attraction to chemical phenomena is 
likely to lead to many very interesting discoveries in meteorology ; 
for electricity evidently acts a most important part in the atmos- 
phere. This subject, however/sj as yet, not sufficiently developed*\ 
for me to venture enlarging upA? it. The phenomena of the atmos-v^ 
phere are far from being well understood : and even with the little 
that is known, 1 am but imperfectly acquainted. 

But before we take leave of hydrogen, I must not omit to men- 
tion to yon a mo^t interesting discovery of Sir H. Davy, which is 
connected with this subject. 

Caroline, You allude, I suppose, to the new miner's lamp, which 
has of late been so much talked of. I have long been desirous oC 
knowing what that discovery was, and what purpose it was intend- 
ed to answer^ 

Mrs. Bylt often happens in coal-mines, that quantities of the gas 
called by chemists hydro- carbonate or by the vomers fire damp, (the 
same from which the gas lights are obtained,) ooze out from the fis- 
sures in the beds of coal, and fill the cavities in which the men are 
at work ; and this gas being inflammable, the consequence is, that 
when the men approach those places, with a lighted candle, the g^ 
takes fire, and explosions happen, which destroy the men and horses 
employed in that part of the coUiei^y, sometimes in great nnmbers'T) 

Emily, What tremendous accidents these must be ! But whenS^ 
does that gas originate ? 

Jtfrx. B, ^eing the chief product of the combustion of coal, no 
wonder thaViDflammable gas should occasionally appear in situa- 
tions in which this mineral abotinds, since there can be no doubt 
that processes of combustion are frequently taking place at a great 
depth under the surface of the earth ; and, therefore, these accumu- 
lations of gas may arise either from combustions aetually going on, 
or from former combustions, the gas having perhaps been confined 
there from agesj| 

Caroline. Auil how does Sir li. Davy*i lainp prevent those 
drdadful explosions ? 

Mrs. B, By a contrivance eqiially simple and ingenious ; and 
one which does no less credit to the philosophical views from which 
it was deduced, than to the philanthropic motives from which the 
inquiry sprung. The principle of the lamp is shortly this : fli was 
ascertained two or three years ago, both by Mr. Tenant, and^by Sir 
Humphrey himself, that the combustion of inflami^iable gas could 
not be propagated through small tubes; so that if a jet of an inflam- 
mable gaseous mixture, issuing: from a bladder, or any other vessel, 
through a small tube, be set fire to, it burns at the orifice of the 
tube, but the flame never penetrates into the vessel.\ It is upon this 
fact that Sir Humphrey's safety lamp is founded. J 

Emily. But why does not the flame never penetrate through the 

60^. Is it supposed that the subject of meteorology is well under- 
stood ? 

50% What disastrous eff'ects often happen in coal-mines ? 

504. WhoDce does the hydrogen gas in mines originate ? 

605. Upon what discovery of Mr. Tenant and SirH. Davy wat 
the miner's safety lamp founded ? ° s'*'^^^ ^y ^OOg I 
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tube into the ▼•stel from which the gat isiaes, so ai to explode at 
once the whole of the gta ? 

Mrs. l(.Aecaa8e, no doubt, the inflamed gas is so much cooled 
in its -passage through a small tube as to cease to burn before the 
combustion reaches the reservoi^ 

Caroline, And how can this principle be applied to the construe* 
tion of a lamp? 

Jlfr#. B. Nothing easier. Tou need only suppos^Ai lamp enclo- 
sed all round in glass or horn, but having a number 0^ small opea 
labes at the bottom, and others at the .top, to let the air in and oun 
/^ow, if such a lamp or lanthom be carried into an atmosphere ca<^ 
^pable of exploding, an explosion or combustion of the gas will take 
place within the lamp ; and although the vent afforded by the tubes 
will save the lamp from bursting, yet from the principle just ex- 
plained, the combustion will not be propagated to the external air 
through the tubes, so that no farther consequence will ensued 
Emily. And is that all the mystery of that valuable lamp ?r 
Mrs, j5. No ; in the early part of the inquiry, a lamp of this kind . 
was actually proposed ; but it was but a naie sketch compared to 
its present state of improvement. Sir H. Davy, after a succession * 
of trials, by which he brought his lamp nearer and nearer to per- 
/ection, at last conceived the happy idea that if the lamp were sur- 
rounded %vith a wire-wick or wire-gauze, of a dose texture, instead 
of glass or horn, the tubular contrivance 2 have just described 
would be entirely superseded, since each of the insterstices of the 
^nze would act as a tube in preventing the propagation of explo- 
sions : so that this pervions metallic covering would answer tlie va- 
rioos purposes of transparencv^ of permeability to air and of pro- 
tection afi^ainst explosion. This idea, Sir Humphrey immediately 
submitted to the test of experiment, and the result has answered 
his most sanguine expectations, both in his laboratory and in the 
colleries where it has already been extensively tried. And he has 
now the happiness of thinking that his invention will probably be 
the means of saving, every year a number of lives, which would 
have been lost in digging out of the bowels of the earth one of the 
most valuable necessaries of life. Here is oneof these l|J»ps, every 
part of whic^ you will at once comprehend. /(Fig. 24.) ) 

Caroline. How very simple and ingenious LBut I do«ot yet well 
see wliy an explosion takinr place within the lamp, should not 
communicate to the external air around it, through the interstices 
of the wire f 

^frM. B. This has been a/nd is still a snbjeot of wonder^ even to * 
philosophers ; and the on^ mode they have of explaining it isy that 
flaeie or igoiti<3n cannot pass through a fine wire-work, liecause 
the metallic wire cods the flame sufficieDtly to extinguish it in 
pissing through the gsuze. This property of the wire-gauce is 
Quite similar to that of the tubes wbicfa 1 mentioned on fntroduoing 
the subject ; for you may consider, each iolerstKe of thegaoae as. 
an extremely shdrt tube of a veny small diameter. 

/ 
506. Why does not flame penetrate through a tube that oonveys 
I*ydrogen gas so as to produce an explosion? 
^. How would you describe the miner's lamp ? ' 
m^ What is the use of the miner^ lamp ? 
509. Which figure represents tlte miner s lamp ? 

II* 
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EmVy. Dot I should expect the Fig. 24. 

wire would often become re 
the buroiDg^of Ibegsis withio 

Mrs, B, And this is acti 
case ; for the top of the lam 
apt to become red* hot. Bu 
ately, such inflammable, g^as< 
tures as are found in themin 
be exploded by the red hot 
intervention oi actual flame 
quired for that purpose j si 
wire does not set fire to me 
gas around it. 

Emily. I can understand 
if the wire be red hot, how c 
the flame within, and prevei 
sing through the gauze ? 

^rs, B, The gauze, thoug 
is net so hot as the flame bj 
. has been heated ; and as 
wire is a good conductor* 
does not much accuniulate i 
passes ofl" quickly to the o'th< 
the lamp, as well as to any c 
bodies. 

Carfiine. This is indeed i 
teresting discoFCry, and o 
shows at once the immen 
with which science may be 
ly applied to some gf the m< 
ti^Qt purposes* 



CONVERSATION "( 

ON SULPHER AND PHOS3 

Jtfr*. B, Sulphur is the 
stftDce that comes under o 
eratioD. It diifera in one 
point/rom the preceding, \ 
in a solid forii^^^ the temp 
tlie Mmospfaer^ 

Coi/twc. I arfii glad that 

taftta 8(^id body to examine : one that a. th« «i«ura eonuiniar ih« oo. 9. am 
we can see and touch. Pray, is it notri« <» amw by .h ch ib« i aus« c*^ « in4 
with siHfibiir that the points of m^Uih^^^^'':\^,^;^r^^;;':j7Si'S, 
es are covered, to make them easilyF.tiM«w*KattMe7i«iKi«r. g. »4t«Mki«upi 
kindle .' 



i^ 



510. What is necessary to produce explosions in inflammable 
gaseous mixtures ? 

511. In what state dbes sulphur exist ? 
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•Wr#. B, Y«», it it ; and yoa therefore, already koovr, that sulphur 
IS a very comlrastible substance. It is seldom discovered in nature 
io a pure unmixed state ; sogreat is its affinity for other substances 
that It is almost constantly found combined with some of them. It 
18 most commonly united frilb metals, under various forms, and is 
separated from them by a very simple process. It exists, likewise, 
in many mineral waters, and some vegetables yield it in various pro- 
portions, especially those of the cruciform tribe. It is also found 
in animal matter ; in short, it may be discovered/in greater pr less 
quantitv in the mineral, verelable, and animal kingdom^ 

Emily. I have heard otjlowerg of sulpkur-^sre they tlfi produce 
of any plant ? 

Mrs, B, By no means ; /hey consist of nothing more than com- 
mon sulphur reduced in aVeiVfine powder by a process called 
sublimQiioj^-^You see some of it in this phial ; it is exactly the 
same substnice as the lump of sulphur, only its color is a paler yel- 
low, owing to its state of very minute division, 
^ini/y. Pray %?hat is sublimation ? 

•^r*' .•/** '* ***® evaporation, or more properly speaking, the 
yolatilizatidq of solid substances, which, in cooling condense agaia 
into a concrete form^ The process, in this instance, must be per- 
tormed in a closed vAsel,botb to prevent combustion, which would 
Jake place if the access of air were not carefully precluded, and 
likew ise> iix order to collect the substance after the operation. As it 
IS rather a slow process we shall not try the experiment now ; but 
you will understand it perfectly if I show you the apparatus used for 
tbe pnrpo^. (fig. 25.) Some lumps of sulphur are put into a receiver 
F17. 25. of this kind, which is called a cucurbit 

Its shape you see somewhat resembles 
that of a pear, and is open at the top, so 
as to adapt itself exactly to a kind of con- 
ical receiver of this sort, called the head. 
The cucurbit, thus covered with its bead 
is placed over a sand-bath ; this is nothing 
more than a vessel full of sand, which ia 
kept heated by a £umace,such as you see 
here, so as to preserve the apparatus ipm 
moderate and uniform temperature.^h« 
sulphur then soon begins to melt,ana im- 
mediately after this a thick white smoke 
rises, which is g^mdually deposited within 
the head, or upper part of the apparatus, 
where it condenses ag^nst the sides, 
somewhat in the form of vegetation, 
whence it has obtained the name of flow* 
^ "J* " ers of sulphuro This apparatus, which 

c. Furoae*.'^ all kwds of distulations, as you will sot 

* The sulphur of commerce is chiefly obtained^n the vicinity of 




512. In what may it be found ? 

513. How do the flowers of sulphur differ from sulphur in a solid 

514. What is sublimation? [state! 

515. What does figure 25 represent ? 

516. From what is the name " Flowers of sulphurf-deri^d ? 
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when we come to treat of those operatioDS. Alembics ara Bot 
commonly made of glass^ like this which is apf^cable only to dis- 
tillation upon a very small soale. Those nseo in manafactares are 
generally made of copper, and are of coarse considerable larg^er. 
The general constrnction, howeyer, is always the same, although 
their shape admits of some variation. 

Caroline. What is the use of that neck, or tube, which bends 
down from the upper piece of the apparatus ? 

J^rt, B. It is of no use in sublimatioins ; bat in distillations (the 
general object of which is to eraperate, by heat, in closed vessels 
the volatile parts of a compound body, andf to condense them ag^in 
into a liquid,) it serves to carry off the condensed fluid, which oth- 
erwise would fall back into the cucarbit. But this is rather foreign 
to oar present subject. Let as return to the sulphur. You now 
perfectly understand 1 suppose, what is meant by sublimation ? 

Emily, I believe I do. Sublimation appears to consist in de- 
straying by means of heat, the attraction of aggregation of the par- 
ticles of a solid body, which are thus volatilized ; and as soon as 
they lose the caloric which produced that effect, they are deposited 
in the form of a fine powder. 

Caroline. It seems to me to be somewhat similar to the transfor- 
mation of water into vapor, which returns to its liquid state when 
dtprived of caloric. 

J5mi/y. There is this difference, however, that the sulphur does 
not return to its former state, since instead of lumps, it changes to 
a fine powder. 

Mm. B, Chemically speaktdg, it is exactly thesame sumbstance, 
whether in the form of lump or powder. Fotf^ this powder be 
melted again by he»t, it will, in cooling, be r^tored to the same 
solid state in which it was before its sublimation^ 

Caroline. But if there be no real change produced by the subli- 
mation of the sulphur, what is the use of that operation ? 

J^rt. B. ^divides the sulphur into very minute parts, and thus 
disposes it ti» enter more readily intocon|binatioa with other bodies. 
It is used also as a means of purification, j^ 

Caroline. Sublimation appears to me,Hl:e the beginning of com- 
bustion, Yur the completion of which one circumstance only is want- 
ing, the absorption of oxygen. ^^ 

Jfrt. B. Bnt that circumstance is every thing, ^o essential al* 
teration is produced in sulphur by sublimation ; whilst in combus- 
tion it combines with the oxygen, and forms a new compound totallv 
different in every respect from sulphur in its pare state.\ We shall 
now burn some sulphur, and yoq will see how very diff^ent the re- 

volcaqoes, or in volcanic countries, Where it is brought up from the 
bowels of tiie earth by subUmaHtm, An inferior kind is obtained 
by the distillation of pyritQS. — C. 



5 1 7. What effect is produced if the flower% of sulphur are melted ? 

518. If no real change is produced by the sublimation of sulphur, 
what is the use of that operation ? 

519. What is the difference between the sublimation and combus- 
tion of sulphur? 

520. If sulphur is burnt what will be the result ? 
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salt will be. For this purpose I put a small quantity of flowers of 
sulphur into this cup, and place it in a dish, into which 1 haye poured 
a little water; I now set fire to the sulphur with the point of this 
hot wire ; for its combustion will not^egin unless its temperature 
be considerably raised. You see tha^ burns with a faint bluish 
flame ; and as I invert over it this receiver, white fumes arise from 
the sulphur, ancT fill the vessel. You will soon perceive that the 
water is rising* within the receiver, a little above its level in the 
plate.! Weil, Emily, can rou account for this .^ 

Emily. I suppose that the sulphur has absorbed the oxygen from 
the atmospherical air within the receiver, abd that we shall find 
some oxygenated sulphur in the cup. As for the white smoke, I 
^m quite at a loss to guess what it may be. 

Jar*. B. Your first conjecture is very right ; but you are mis- 
taken in the last ; for nothing will be left in the cup. The white 
vapor is the oxygenated sulphur, which assumes the form of an 
elastic fluid of a pungent and ofiensive smell, and is a powerful acid. 
Here you see a chemical combination of oxygen and sulphur, pro- 
ducing a true gas, which would continue such under the pressure 
and at the temperature of the atmosphere, if it did not unite with 
the water in the plate, to which it imparts its acid taste, and all 
its acid properties. You see now with what curious effects the 
combustion of sulphur is attended. 

CafX)line, This is something quite new ; and I confess that 1 do 
not perfectly understand why the sulphur turns acid^ 

Jur». B, It is because it unites with theroxygen^which is the 
acidifying principle. And indeed, the word Vrt^en is derived fronn 
two Greek words signifyinjg/to produce an addj 

Caroline, Why, then, is »Qt water whicb c<mtaiQ8 sucb a quao* 
tity of oxygen, acid ? 

Mrs. j&.pSecause hydrogen, which ^ the other constituent of 
water, is nit stisceptible of acidification?! I believe it will be ne- 
cessai^ before we proceed further, to say^a few words on the gen- 
eral nature of acids, though it is rather a deviation from our plan of 
examining the simple bodies separately, before we consider them 
in a state of combustion. 

Acids may be considered as a peculiar class of burnt* bodies* 
which during their combustion or eombination with oxygen, have 
acquired very characteristic properties. They are chiefly discern- 
ible by their sour taste, and by turning red most of the blue veget- 
able colors. These two properties are common to the whole class 
of acids ; but each of them is distinguished by other peculiar qual' 



■!«' 



ities. |£very acid consists of some particular substance, (whicb 

* This might mislead the student. The acids are not all of them 
formed by burning. All the vegetable acids, as the citric, malic, 
^c e±ht ready formed ; some of them zte contained in fruits, as 
in lemons, apples, &c.>-'C. 



681. What is the acidifying principle? 

522. What does the term oxvgea si^ify ? 

523. Tf oxygen is the acidifying principle, why does not water 
become acid, since it contains so much of that g^ f 

524. Of what do acids consist f 
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COMtitatet its bftsk, ant is different io each,) and of oxygen, wliob 
it common to tbem all 1 
Emil^, But I do Dol^learly^see tbe difference between acids and 

OZjds. yr^ 

Jirs. B.IAcids were in fact oxyds, which, by the addition of a 
ctt*tain quantity of oxygen, have been converted into acids. For 
acidtficatioD, you must observe always implies previous oxydation, 
as a body most havecombioied with tbe quantity of oxygen requis- 
ite to constitute it an ox\d, before it can comhme with the greater 
quantity which is necessary to render it an acid) 

Caroling Are all oxyds capable of being cofiverted into acids? 

JUrs. B'V^ery far from it\ it is only certain substances which will 
enter into that peculiar kind of union with oxygeo that producses 
acids, and the number of these is proportionally very small ; but all 
burnt bodies may be considered as belonging either to the class of 
oxyds, or that of acids. At a future period, we shall enter more 
9i large into this subject. At present I have but one circumstance 
fiirtber to point out to your observation respecting acids ; it is, that 
most of them are susceptible of two degrrees of acidification, ac- 
cording to the different quantities of oxygen with which their basis 
combines. 

Emily, And how are these two degrees of acidification distiB- 
guished ? 

^ Mrs, B, By tbe peculiar properties which result from them.-^ 
^The acid we have just made is the first or weakest degree of acidi- 
fication, and is called sufphureotu add—if iL were fully saturated 
with oxyg^ it would be called sufphvric aciaS You must therefore 
remember,' that in tliis, as in all acids» the firm degree of acidifica- 
tion is expressed by the termination in ou#~the stronger by the 
termination in ic, 

C0ro/m«^ And how is the sulphuric acid made f 

Mn, B.^y burning sulphur over water, in pure ofjffen gas, 
and thus rendering its combustion much more complet^ I have 
llirovided some oxygen gas for this purpose ; it is in that little, but 
we most first decant tbe gas into the glass receiver which stands oa 
the shelf in the bath, and is full of water. 

Caroline, Pray, let me try to do it, Mrs. B. 

•Vrf. B, It requires some little dexterity— hold the bottom com- 
pletely under water, and do not turn the mouth upwards, till it is 
immediately under the aperture in the shelf through which tbe gas 
is to pass into the receiver, and then turn it up gradually. Very 
well ; you have only to let a few bubbles escape, and that must he 
expected at a first trial. Now I shall put this piece of sulphur in- 
to the receiver,through the opening at the top, and introduce along 
with it a small piece of lighted tinder to set fire to it. This requires, 
to be done very quickly, lest the atmospherical air should obtain en- 
trance and mix with the pure oxygen g^s. 

Emily. How beautifullv it burns ! 

Caroline, But it is already buried in the thick vapour. This, I 
suppose, is sulphuric acid ? 



5f5. What is the difference between oxyds and acids? 
596. Are all oxyds capable of becoming acids ? 
527. What is the difference between snlphureous acids and tnl- 
pbnric acids P 5«8. How is sulphuric acid obMined f 
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EmUjf. A/fe these acids always io a gaseous state ? 

Mrt, Bjf^vthphureous ncid, as we have already obseired, is a per- 
paneot gsa, aod can be obtained in a liquid form onljr bj condeosinr 
it in VateA In its pure state, the sulpliureous acid is invisible, and 
it now ap^ars in the form of a whit^^molie, from its combtning 
with the moisture. But the vapour ofFRie sulphuric acid, which jreu 
have just seen to rise during the coirrbusUoa, is not gas, but only a 
▼apour, which condenses into liquid sulphtiric acid, by losing its ea* 
loricVT. Il appears, however, from Sir H. Davy's experiments, that 
this ^frmatioii and condensation of sulphuric acid requires the pret- 
ence of water, ibr which purpose, the vapour is received into cold 
water, which may aft^*wards be separated from the acid by the 
evaporation. 

Sulphur has hitherto been considered as a simple substance; bat 
Sir H. J>ary has su«pectedAhat it oontaint a small portion of hy- 
drogen, and perhaps also ofNaxygena 

On subinitting sulphur to the acttni of a Voltaic battery, he ob- 
served, that the negative mre gave out hydrogen ; and tlie existenoa 
of hydrogen in sulphur wm raodered stdl more probttble by bit i^ 
servmg that a small quantity of water was produced danag tke 
combustion of sulphur. . 

EmUjf, And pray of whait nature is frulpfaur when perfectly pure ? 

Jtfrs. JB. Sulrpbttr has probably nev^r btea obtained perfectly free 
from combination, so that its radical may possibly po s sess proper- 
ties rery different from tboseof common sulphur. /It has bens sus- 
pected to be of a metalho nature ; font this is mer^<con5«otnr^ 

Before we quit the subject of sulphur, I must tell you thA it is 
susceptible of combining with a great variety of substances, and 
especially with hyrogen, with, which you are already acquainted. 
Hydrogen jnis can dissolve a small portion of it 

Em^, WhaUjB&D a gas diasoSve a soKd substance? 



Mrs. B.(YesljEi solid substance may be so minutely divided by 
htemt, as to neomfe soluble in gi^and of this there are several in- 
stances. But you must observe, Tnat, in the present case, ft chemr- 
ciX union or combination of the sulphur with the hydrogen gas it 
produced. In order to effect this, the sulphur must be strongly 
netted in contact with the gas; and the heat reduces the snlnhur to 
<aOh a stkte of extreme division, and diffuses it so thoroughly with 
the gat, thaft they combine and fncorportte together. And as a proof 
that there mu^t oe a diemical ttniop between the sulphnr and the 
gas, H U s^cient to remaric thatney «re not sepafatod when the 
sulphur loses the caloric by wfaicff'it was voladlized. 1 Besides, it is 
evident, from the jraoutiarfbtid sinelt of this gas, that it it m new 
compoafMl totally miferenft fhM^ eiislier of its constituents ; it is call- 
•AS^hureUed hydnxm gtuSad 4s contained ha great afcundawfc 
in^NltplKlreoot mtneraJ wtfterC 
VatiOuu. Are dOt the Harrogate waters of this natnte f 



6f9. i^esolphnreontand tulphurio acidt always in agateoat ttate? 
m^ WnoAwmMit H. I>tvy%«pi^oo oenocnteg tnl|dMr ? 
531. What it tulphur IB ilapvfe state? 
532^ Can agat ditsoivWfteolid tnbetanee? 
53S. How can it be done? ^ 

534. How it it known that the Mien between faydyg e n t^^"^ 
tnlpbtir it a chemical union ? 3igitized by C^OOQie 

$35. Whfttit the prodnotof this nnkw called .' 
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Jtfrf. J?. Yes ; ^ey ute naturally impregnated with sulpbvretied 
Jiydrogen gfas, ancKbere are many other spriDg-s of the same kind, 
which show that this g^ must often be fomied in the bowels of the 
earth by spontaneous processes of natureX 

Caroline. And could not such waters beAlade artificially by im- 
pf«rnating common water with this gas ? 

Jur«. B. Yes ; they can be so weU. imitated, as perfectly to re- 
semble the Harrogate waters. 

Sulphur combines likewise with phosphorus, and with the alka- 
lies, and alkaline earths, substances with which you are yet unao 
quainted. We cannot, therefore, enter into these combinations at 
present. In our next lesson we shall treat of phosphorus. 

Emily, May we not begin that subject to-day ; this .lesson has 
been so short? 

Mrt. B, I have no objection, if you are not tired. What do yoa 
say, Caroline ? 

Caroline, 1 am as desirous as Emily of prolonging the lesson to- 
day, especially as we are to enter on a new subject ; for I confess 
that •ttlphur has not appeared to me so interesting as the other sim- 
ple bodies. 

Jtfri . B. Perhaps you may find pl^sphorus more entertaining. 
You must not, howerer, be discouraged when yon meet with some 
parts of a study less amusing than others ; it would answer no good 
purpose to select the most pleasing parts, since if we did not proceed 
with some jnethod, in order to acquire a |^neral idea of the whole, 
we could scarcely expect to take interest in any particular subjects. 

PH08PH0KUS. 

Phosphorus is considered as a simple body ; though, like sulphur, 
it has been suspected of containing hydroge^ It was not known by 
the earlie|;xhemists. It was first discoveredlDy Brandt, a chemist of 
Hamburg^hilst employed in researches %ler the philosopher^ 
stone ; bin the method of obtaining it remained a secret till it was a 
second time discovered both by Kunckle and Bo^Ie^D the year 16Q0. 
You see a specimen of phosphorus in this ^lal.; it is g:eneraIJy 
moulded intomall sticks of a yellowish colorjas you find it here. 

Caroline. Uo not understand in what the ^scovery consisted : 
there may be a secret method of making an artificial composition % 
tmt how can you talk ofnuiking a composition which naturally exists ? 

Mrt. B, A body may exist in nature, so closely combined with 
other substances, as to elude the observation of chemists, or render 
It extremely diificidt to obtain it in Us separate state. This is the 
case with phosphorus, which is so intimately combined with other 
substances, that its existence remained unnoticed till Brandt dja- 
covered the means ef obtaining it free from other combinatioas. Jt 
is found in all animal substances, and is nowi^iefly extracted from 

636. What is ihene which ebows that this gas Is aovMAimasfiMrnH 
•d spootaneoosly in the bowels of the earth ? 
537. By wbomwaspbospborosdiscorefedi 
^. What is the appearance of 4t ? 
699. IIowM|iliesphoras4tfblauMd!? 
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bones, by acbcmical procesS It exists also in some plants, that bear 
* *™°F*%**^7 *° animal ffiatter in their chemical composition. 

•™**y-jpat IS it never fonnd in its pure separate stateF 

•«r#. B\ Nerer ; and this is the reason why it remained so Jonr 
undiscovered. * 

Phosphorus is emmently combustible : it melts and takes fire at 
the temperature of fcne hundred degreesf and absorbs in its com- 
bustion, nearly oncKaod a half its own tfeight of oxygen, 

Caroline. What ! J^ill/a pound of phosphorus consume a pound 
and a half of oxygenl v 

Mrs. B. So it app^Srs from accurate experiments. 1 can show 
yon with what violence it combines with oxygen, by burning some 
of it in that gas. We must manage the experiment in the same man- 
ner as we did the combustion of sulphur. You see I am obliged to 
cut this little bit of phosphorus under water, otherwise there would 
be danger of its taking fire by the heat of my finger^. I now put 
it into the receiver, aod kindle it by means of a hot wire. 

Emily. What a blaze ! 1 can hardly look at it. I never saw any 
thing so brilliant. Does it not hurt your eyesv Caroline ? 

Caroline. Yes ; but still I cannot help looking at it. A prodi- 
gious quantity of oxyg^en must, indeed, be absorbed, when so much 
sight and caloric are disengaged ! 

Jlfr#. B. In the combustion of a pound of phosphoms,/rsufficient 
qnan^iiv of caloric is set free, to melt upwards of a hundred pounds 
of icej^ this has been computed by direct experiments with the ca- 
lorimeter. , 

Emily. And is the result of this combustion, like that of sulphur, 
an acid? ^ 

JIfr*. B. Yes ;^hosphoric aci^ And had we duly proportioned 
the phosphorus aM the oxygen, raey would have been completely 
converted into phosphoric acid, weighing together, in this new state, 
exactlv the sum of their weights separately. T|ie water would hav e 
ascended into the receiver, on account of the vacuum ibrm^, and 
wonld have filled it entirely. In this case, as in the combustion of 
sulphur, the acid vapor formed is absorbed and condensed in the 
water of the receiver. But when this combustion is performed with* 
out any water or moisture being present, the acid then appears in 
the form of concrete whitish flakes, which are, however, extremely 
ready to melt upon the least admission of moisture. 

Emily, Does^ phosphorus, in burning in atmospherical air, pro- 
duce like sulphur, a weaker sort of the same acid f 

Mn. B. No ; but it bums in atnu^sperical air, nearly at the same 
temperature as in pure oxygen gas ; - and it is in both cases so strong- 
ly disposed to combine with the oxygen, that the combustion is per- 
fect and the product similar : only in atmospherical air, being less 
rapidly supplied with oxygen, the process is performed in a slow 
manner. 



640. Why was it for along time undiscovered ? 

641. At what temperature will it melt and take fire ? 

64t. What proportioB of oxygen will pbospborns consume, com- 
pared with its own weight ? 

643. How much caloric will the combustion of a pound of pbot- 
t^MNtistetfret? 

644. What it the result of the combtution of phosphorna I 
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CfaroHne* But is tte» no melbod of tcidiff iog^ plus^ipnis in a 
slighter inaDDer, so as to form phospkorus acid f 

Mrg^ R, Yes, there is. W bes simply exposed to the atmosphare, 
phosphoirus undergoes a kind of slow combastion at any tempera- 
ture above zero. 

Emily. Is not the process in this case rather an oxydatioa than a 
combination ? For if the oxygen is too slowly absorbed for a sen* 
sible quantity of light and heat to be disengaged, it is not a true 
oombttstion. 

Mr$. B, The case is not as you suppose ; a £itnt light is emitted, 
which is Very discernible in the dark; but the heat erolTcd is not 
sufficiently strong to be sensible ; a whitish vapour arises from t^ 
combustion, which, uniting with water, condenses into liquid phos- 
phorus acid. 

Careline* Is it not very singular that phosphorus should bum at 
so low a tehiperature in atmospherical air, whilst it does not burn 
in pure oxygen without the applicationof heat ? 

Mrs. B, So it at first appears. But miis circumstance seems to 
be owing to the nitrogen gas of the atmosphere. This gas dissolves 
small particles of phosphorus, which being thus minutely divided and 
(Hffitsed in the atmospherical air, combines with the oxygen, and ud« 
dergoes this slow combustion^ But the same effect does not take 
place in oxvgen g^, because i^ not capable of dissolving phospho- 
rus ; it is therefore necessary, in this case, that heat shoah 



I be ap- 
plied to effect that division of particles, which, in the former instance, 
is produced by the nitrogen. 

Emily, 1 have seen letters written with phosphorus, wbieh are 
invisible by day-light, but may be read in the dark by their own 
light. Tfaey look as if they were written with fire ; yet they do 
nolTseem to burn. 

Mh, B, But they do realty bum ; for it is by their slow oombna- 
tion that the light is emitted ; and phosphorus acid is the result of 
this combustion. 

PItosphOrus isjoroetimes usedfis sUest to estimate the purity of 
atmospherifial aiQ For this purpdBe,Ais burnt in a graduated tube, 
calli^ an Etti^mter (fir. 26.] and w proportion of oscy-pi^ ja 
gen iti the air examined is deduced from the quantity ofnir,n^f„',^^ 
whi6h the phosphorus absorbs ; for the phospboras wiJl^b- 
sorb all the oxygen, and the nitrogen alone will remain!! 

Eknilu, And the more oxygen is contained in^ the atms- 
phere, the purer, I suppose, It is esteemed ? 

jtfflr. B. Certainly. Phosphorus, when melted combines 
with a ereat variety of substances. /With sulphur it forms 
a comf^und so extremely cbmbustiblW thatjt immediately 
takes frre on-coming in contact with tbea(r^ It is with this 
composition that phosphoric matches are'prepared which 
kiodle as soon as tney are taken out of their case and are 
exposed to the air. <^^ 

545. Whv will phosphoms bora at so losr a tewperatare in at- 
mo8pherf6iii air, when it does not bimi ia pure •xj^gen wifhotttthe 
applicationof heat? 

546. For what is phospboras sometjines used? 

547. What instrament is used for this purpose, miih&w4»'tk% 
purity of the aiir ascertained by it f 

548. How are phosphoric matches made ? . 
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J^MM/y. I bare a bene of tbete cnrioits tnatobes; but I bare ob- 
served tbat, in yerj cold weatber^ the/ will not take ^re witbovt 
bein^ previously nibbed. 

Mr^ B. By rubbings tbem youfraise tbeir temperature ^ for yoti 
know, frictioD is one of the means of extricating heat 

Emify. WiU Dbo»phoro8, Ukewlphor, eombine wjth brdrol^ fasf 

Mn, ^'{^^^ ^^^ the oomponnd gfas which results from this 
combioatioki h0 a smell still more fet^ than the sulphuretted by- 
droffeo ; it resembles that of garlio. 

^ The phospkoretted hydrogen gas has this remarkable peculiarity, 
^at it takes fire spontaneously in tbe atitiosphere at ttoy tempera- 
wr^ It is thus, probably, that ftre prodnoed those transiaBt fianes 
or flashes of ligrht, called by the vulgar WiU'iif*th^Wi^y or, nrare 
properly, ffgnet-fattd, which are often seen in church.yards, and 
phusett whtre the^trefaetioos of animal natter eahale pbosphoras 
and hydrogen gas J 

Coroiine* Coumry people, who are so much fi4gbtened>by those 
appearances, would be soon reconciled to them if they knew from 
what a simple cause they proceed. 

Jtff-f. B, There are otner combinations of phosphorus Ihat have 
ateo very singular properties, particularly that whiob results from 
its union with lime. 

EmUijf, Is tliere any naiwe to distinguish the combination of two 
substances, like phosphorus and Kme, neither of which are oxygen, 
and which cannot therefore produce either an oxyd or an acid f 

JIfrt. B* The names of soeb combinations are composed from 
Ulose of their ingredients, merely by a slight change in their termi- 
ttation* Thus, Sie eombinatioaofsulphurwith limeis called a #«/- 
fhmiMy and that of phospbomsi 9M9tphuni of Iknej This latter 

"^ Phesphoivt of lime is a rwr cmoos substancd^ To make it, 
take a thm glass tube, 6 or 8 iitobes loag^ and less than half ao nieh 
in diameter ; if it is closed at one end, so m«cb the better, but a cork 
will do. Near the closed end put a piece of phosphorus half an inch 
lone. Then put in by means of a stick or wire, holding the tube 
korusofitally, thiily or forty pieces of Dsrwly burned quick- Nrae, 
about the size of split peas, letting tbe lowest remain two or Hinse 
In^MB ftom the pbospaonw. The^ stop tbe other end of the ivbe 
(eesely, and place tbe part cootainfng tbe quick-lime, hi a bed of 
charcoal,80 contriving it that a cahdie or red hot iron can be brei^t 
wader the part where the phospheriM lies. Kindle a fire by means 
of bellow^, and heat the lime red het< without meltiag tbe phospko- 
MM, wbicb may be kept cool by a wet rag \ when this is denc^ bring 
tbe hot iron or oatidl^ under the fiAiespborus, so to to make it pass 
through the quick-lime in the form or rapoar. Cork up tbe pbos- 
phuret of lime for usc^C. 



549. Will phosphorus combine wM« bydro|^> 

MO. Wkat temaiteUe peeuUari^ taw pkotpborettBll hydfogen 

5Bh Hew ie itiapfMedl that tb# ig>Nei4ii«ul are prodiieed ^ 
58%. What is tbe oonbteatioii of pbospberw Wick lime, calM.^ 
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dbmpoutid, I was goings to say, has the sing^qkurproperty^ decom- 
|K>sing water, merely by beiog thrown into kl Q.^ effects this'by ab- 
sorbing' the oxygen of water, in conseqoenc^ of which, bubbles ot 
]^ydrogen gas ascend, holding in solution a small quantity of phos- 
phoru^ * 

Emily, These bubbles-then 2iTe pkosphoretted hj/drogen gas ? 

Mrs, B, Ye§ ; and they produce the singular appearance of a 
flash of fire issuing from water, as the bubbles kindle and detonate 
on the surface of the water, at the. instant that they come in contact 
with the atfoosphere. 

Caroline. Is not this effect nearly similar to that produced by the 
combination of phosphorus and sulphur, or, more properly speak- 
ing, the phosphuret rf sulphur ? 

Mrs. B, Yes ; but the phenomenon appears more extraordinary 
in this case, from the presence of water, and from the gaseous form 
of the combustible compound. Besides, the experiment surprises 
by its great simplicity. You only throw a piece of phosphuret of 
lime into a glass of water, and bubbles of fire will immediately is- 
sue from it. 

Caroline, Cannot we try the experiment ? 
^Mr*, B, Very easily ; out we must do it in the open air : for 
fthe smell of the phospboretted hydrogen gas is so extremely fetid, 
mat it would be intolerable in the hou0^ But before we leay^ the 
room, we may produce by another proeess, some bubbles of the 
«ame gas, which are much less offensive. 

There is in this little glass retort a solution of potash and water ; I 
idd to It a small piece of phosphorus. We must now beat the re- 
•x>rt over the lamp s^er haying engaged its neck under water — ^you 
see it begins to boil ; in a few minutes|[l^ubble8 will appear, which 
take fire and detonate as they issue from the wateP^ 

Caroline. There is one — and another. How cuyioas it is !— Bat 
I do not understand how this is produced. 

Mrs, B. It is the consequence of a display of affinities too com- 
plicated, I fear, to be made perfectljr intelligible to you at present. 

In a few words, the reciprocal action of the potash, phosphorus, 
caloric, and water are such, that some of the water is oecomposed, 
and the hydrogen gas thereby formed carries off some minute par- 
ticles Of phosphorus, with which it forms phospboretted bydrc^ea 
gBSt a compound which spontaneously takes fire at almost any tem- 
perature. 

. Emily, What is that circular ring of smoke which slowly risee 
from each bubble after its detonation ? 

Mrs. B, It consists of water and phosphoric acid in yapor, whioh 
are produced by the oombustion of hydrogen and phosphorus. 



^53. What sinjtnlar peculiarity has the phoephoret of lime ? 

554.. What will be the consequence if a piece of phospboret of 
lime is thrown into the water ? 

555. Why is it necessary that this experioieDt be made in the 
open air f 

556.. What will be the conseoaence if phbtphoms be add^ to a 
solution of potash io water^ and tbe whole heated orer a fire ^ 
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coimsmATioif u. 

on CASBON. 

Ckurolm0. To-day, Mn^B., I MiAfe w« aie to t«ini tbe m^iire 
ini properties of cAiimm. Tbit saibtUnoe it ^luCft aev to ow ; I 
■erar bMrd k mootioned boforo. 

Jirf.B* NotBotiMrMTo« imftfioe; for carbon it nolhinr more 
tbMMiamNa inm ttate or parity, thalM to aay, ttoniiMd Mb My 
IbMifii iogredlwili^ 

Caroline, Bat «|nroool it oMido by art, Mn. B^ Md bov «aB a 
body eoMittiii^ of one timplo tobttoiioo be fabrioatod ? 

•WTrv. B: Foa afatootBRHiod Ibe idea of niaftiD^ a tinmlo iKiiy 
with tbat of teporatior it from a compowod. Tbe cbemkad jy eo w 
tea by wbicb a timple Mdy it obtaiaed ie a atate^ pocity/toiuitt 
in unmaking tbeoompowM in wlnebit it eontaiqed, in orddUo^ep- 
al^te lf«m it fte simple tnbttanoe in aeeitiou Tbe meted by 
whiob cbarcoal is otually obtained, it, mdeedToomnmnly «alM 



meiOhgM ; bat npon ekkminaition, yon #iil find tbis process totson- 
_._. . — ._._ .^ ,. '^ inter J ' * — ^ ^-"^ -^-^ ^^- 



aist simply in separattof: it fram nter sirtislsBrni with whioh it is 
ibtttiA eomMned in natare. 

Carbon forms a^contiderable part of tbesolad matter lOfiU 'Orgyn- 
^fasid bodies; bntnt it most mhnndant in ^Mveeetoble creation., and 
It istMeiy obtained from woodA Wbentbeeri and water (wbieh 
are oter conttitaentt of regetlble matter) are eraporaled, te 
Mack, poroos, brilde tnbstmttca Ibnt remaint, it charcoals 

tkuroHt^ 'Bntif beatbeappUedtothewoodinerdertoeraperate 
€b6 oH and wator» wOl not Ibe lemperatare of obarconlhe r aise d so 
^na In make it barn f end if it combines with OJ^ffen^ ean wn any 
, kntttei^'oall it para ? 

Jkr», B. I wnigntaieftoadd,that,intliis<opefatien,teairinnst 
im*tooinde(i. 
/ C%mi^e. Htf^^en^eante'tnpor'Of oilandwaterAyoff^ 

Mrt. B, In «rder to prodaoe oiareealin its pnrest j^alAk (wbieh 
1S,lBren then, but a lest imperfeot eort of narban,)sBe operation 
^sfaoold be performed in an earthen releit.^Iieat beiW epptied to 
tbeiMfly of te vMort, tbe OFaporable pert of tbe wood wiU escape 
tbroagb its neck, into whidb no air «an penetrate, ns kttg as te 
heSitM tapoor continues to fill ifS And if it be wirimd to<oelleet tbnte 
Yolatfle prodoctt of te wood, tMs caneadly be done by introdnninff 
tbe neek of tbe retoi»t ititotbe water hath apparatot, with whiib yon 
ai« aoqoainted. Birt the preparation of common cbareeal, sneh as 
if nsed in kitchens and roanofactaret, isperfovased onnesnchiaffyer 
scale, and by "an easier and less expemnre ptneess. ^ 

£si%. IhMTB seen te probess of makinr charcoal. _^he wood 
is nmged on the gproand in a pile of pyramioical Torm, with a fire 
nndemeath; the whole is then severed with olay, a few hoksonly 
beinf Mt for tbei^roalation of ai^ 

657. What is carbon ? 

(i68. In what consists tbe chemical process by which a simple 
body is obtMed in a state of parity ? 
559. In what is charcoal found, in most abnndanoe ? 
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• Jtfrt. B. These boles are closed as sooo as the wood is fairly li^t- 
>ed, so that the cdmbostion is checked, or at least continues but lo a 
very iniperfect manner ; but the beat produced by it is sufficient to 
force out and volatilize, through the earthy coyer, most patrt of the 
oily and watery principles of the wooB, ailhough it cannot reduce 
it to ashes. ^ 

Emily. Is pure carbon as black as charcoal ? 

Mrs. B. The purest <;arbon we can prepare is so ; but chemists 
have ne7er yet been able to separate it'cniirely'frofn hydrogen. Sir 
H. Davy says, tbat'the'most'perfect carbon that is prepared by art 
contains about five per cent. -of hydrogen ; he is of opinion that if 
' wecoukl obtain it quite free from foreign ingredients, /t would be 
metallic, in common with other simple sub8tanced)| V 

But there is a form in which charcoal appears, tlnit 1 daresay will 
tmrprise you. This ring, which 1 wear on my finger, owes its bril* 
Uancy to a small piece of carbon. 

Ceroiine. Surelv you are jesting, Mrs. B. 

Emily. I thought yoarxing was diamond. 

Mn. B. It is so. But^iamoiMnis nothing more than carbon in a 
crystallized state. ^ / 

Emily. That is astonishing ! Is ii possible to see two things ap« 
•pareutly more different than diamond and charcoal ? 

Caroline. It is indeed, curious to think that we adorn ourselves 
with jewels of charcoal ! 

ATrr. B. There are many other substances, consisting chefly of 
earben, that are remarkably whi^e. (ijoitonjjfor instance, is aUnost 
wholly carbon. ^ . / 

^CarolwB. That, I own, I could never have imagined ! But pray, 

Mrs. 'B., since' H is known of, what substance diamond and cotton 

^«re composed, why should 'they not be manufactured, or imitated, 

'4>y some chemicelipmcess, which would render them much cheap* 

ec» and more plentiful than the present mode of obtaining them ? - 

Mrs. B. Youmi^t as well, my dear, propose that we should 
make flowers and fruit, nay, perhaps, even animals by a chemical 
process : for it is known or what these bodies consist, since every 
bittg which we are acquainted with-in nature is form^ from the va- 
rious sunple substances- that we have enumerated. But you must 
not suppose tfaatjT knowledge of the component parts of a body will 
in every case enkble us to imitate^t. It is much less difficult to de- 
compose bodies, and discover of what materials they are made, than 
it is to recompose them* The first of these processes is -calledano^ 
sir, the last vfyfO/bem.'S When we are able to ascertain the nature of 
a substance by bothjbese^methods, so that the result of one confirms 
that of the other, we oHlain theraost complete knowledge of it that 
we are capable of acquiring.. /This is the case with water, with the 
atmosphere, with most of the c^yiis, acids, andneutral salts, and with 

■ .... > ■.... ni ■ f i ■ ■ ■ « ■ ' ' ! ' .- ■ 

660. How is charcoal in iU puriest state produced ? 

661. What is the common method .of producing charcoal ? 

669. What did Sir H. Da^y Appose carbon would be, if fr«e 
from foreign ingredients'if 

663. What does charcoal become^n being crystallized ? 

664. What white substance istbttre^Bonsisting chiefly of carbon ? 
565. What is to be understood t>y'the terms analym and synih^" 

sit as used by chemists ? 
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CABBON. 139 

many other compoandsr^ Bat the more complicated corohiDatioDs 
of Data re, even lo the qimeral kiog'dom, are in general beyond oar 
reach, and any attempt to imitate organized bodies must ever prove 
fruitless ; -their formation is a secret which rests in the bosom of the 
Creator. Tou see, therefore, hoiv vain it would be to attempt to 
ma)ce cotton by chemical means. But, surely, we have no reason 
to regret our inability in this instance, when nature has so clearly 
pointed out a method of obtaining it in perfection and abundance. 

Caroline, I did not imagine that the principle of life could be im- 
itated by the aid of chemistry ;; but it did not appear to me absurd 
to suppose that chemists might attain iai perfSbOt imitation 6i inani* 
mate nature. 

Mrs, B. They have succeeded in this point in a variety of instaii- 
ces ; but, as you justly observe, the principle of life, or even the 
minute and intimate organization of the vegetable kingdom, are se- 
crets that have almost entirely eluded the researches of philoso- 
phers : nor do I imagine that human art wiU ever be capable of 
investigating them with complete success. 

EmUy. But diamond, since it consists of one simple, unorgani- 
zed 8ubstance,<might be, one would think, perfectly im'itable t)y art. 
^ Mrt, B, It is sometimes as much l>eyond our power to obtain % 
simple body in a state of perfect piirtty, as it is to imitate a compli- 
cated combination ; for the operations by which nature separates 
bodies are frequently as inimitable as those which she uses for their 
combination. Thisjs the case with carbon j all the efforts lor chem- 
ists to separate it entirely ifrom other substances have been fruitless, 
and in the purest state-in which it can be obtained by ai*t, it still 
retains a portum of h3r(!rogen, and probably of some other foreign 
ing^redients* rWe are ig>norant of the means which nature employs 
to orystallizeStj it may f)roba1)ly be the work of ages, to purify, 
arrange, and umte the particles of carbon in the form of a diamond. 
Here is some charcoal, in the purest state we can procure it ; yon 
see that it is a very black, brittle, light, pori^s substance, entirely 
destitute of either t;aste or smell. Heat, without air, produces no 
alterafion in it, as it is not volatile ; but on the contrary, it invari- 
ably remains at the bottom of the vessel, after all the other parts of 
the vep^tables are evajpiorated. 

Emily, tei carbon is, no doubt, coinbustible, since yon say that 
charcoal would absorb oxygen, if air were admitted during its pre- 
paration. 

Caroline. tJnquestionably. Besides, you know, Emily, bow much 
It is used in cooking. But pray what is the reason that charcoal 
boms without smoke, whilst a wood fire smokes so much ? 

Jtfrt.,]B.rBecause, in the conversion of wood intq^harcoal, the 
volatile panllSIes of the former have been evaporated^) 

CariMifne* Yet I have frequently seen charcoal bum with flame ; 
therefore, it must, in that case contain some hydrogen. 

Mn,tB. Ton should recollect that charcoal* especially that which 
k used for common purposes, is not perfectly pure, pt general^ 

J ■ " ' * — «-. 

666. In What cases b obtained the most perfect knowledge of the 
nature of compound bodies ? 

567. Have means ever been discovered to crystallize carbon.? 

568. What is the reason that charcoarburns without smoke ' 
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tttbbteft, and hydrogen partfCnUriy » Which )M)boutiu for the iniM 1 
4tt«ttioiiN 

Ctituiiff. But what hei»)tteii of (he catboii Itself dttrioff its <30iift- 
bftotiwif^/ 

Jfrt. B./it ^^dually combinet with the ^iityg^eti of the litmbs- 
)pbet^ ID tAe ^me way as solphar and phosphorus, abd, like thoie 
Btrtistaoces, iUs conrerted into a pecutiar acid, whidi files off ki a 
gaseom fontil Tlsefte is this diflferetMse, however, that the acid is 
iiOl, in this intiEinbe, as in the two cases jnst tnetitioned, a mere 
Condensible vapour, but a permaneat elastic fluid , which alirays 
remains in the state of eas, under any pressure and at any tempera* 
tUt«. The nature of this acid was nrst ascMaiuM by Dr. Black, 
t^IkHnburgh ; aiid, bdbre the introduction of the new botbenda- 
ture, it was called Jixfd utr. It is now ^stid|^htbed by the more 
appnyprlate name bf/rnHntnie (nid £^<tvJ 

Emty. CarbCttf-tlen, caU be vdatSlized b^ 'burning, though by 
heat alone, no such effect is pl^uced ? 

Jlff^. S. Yes ; but then it Is m> bnger simple carbon, but an acid 
cf Which cation formi the basis. In this a^at^, carbon ratains tto 
rtionft^ppearatce of sdidity cr co tT>or eal form than the basis of any 
other m. And you may. I think, frbm tbh tttstance, derive a more 
citear idea of the basis of the oxygen, hydrogen, and iritnmn gases, 
the etistebcedf -which, as real bodies, you seemed to doulyt, be- 
daUste they wef« nut to-be obtained simply in a solid form. 

EnUlif. That is tme : we mav conceive the basis of the oxygen 
and of the other^^ases, to be solid, heavy subt^nces, like carbon ; 
but so much eitpaodedby caloric as to beCCUie inViStble. 

X>arolint, But does Uot the caHMmte acid gas partake tit die 
blackness of <^harcoa]? ^> 

Mrs, B. Nbt in the least. fBlackness, you know, does not ap* 
bear to be essential to carbon,xittd it is pure cairbon, and nc)t char- 
cnq^, (!hat we must consider as the basis of carbonfc acini We 
Khali make some cafbonic acid, and, in utrdet to hasten the iirace% 
Weshall bum the catlionic ito oitygen gas. 

£m%. But db you mean, then, to bum diamond ? 

JIfft. B, Charcoal will answer the jmrpose still bettet*, being 
softer aud mom easy to infiattie ; b^det the e^peHments on dim* 
Ibond are rather expensive. 

Caroline. But is it possible to burn diamond? 

JUrt, B, Yes, it is ; and in dl^l* to effbc^ this eombnstSon, liotb* 

^ idg mora is riequired than to ap|t1y a sufficient degree of heat by 

means of the blow-pioe, and of a stmam' of oxygen gas. Indeed,A 

"Is byburningdiamoind that iu chemical nature has been ascertains 



S09. IVMi What does the iiiie in lAtt%uvtting of ebax^eoal pro- 

670. In the comlrastion of chareoal what becomes of the carbon ? 
571 : What Is the gas called formed by the comblnatlim ofcwrbon 
aad oxyren ? 

572. Why does not carbonic add gas partake of the blackness 
of charcoal, if preparad from that material f 

573. How has the chemical natura of diablondt been ascertained i 
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It has long been known as a combustible substance, but it is with- 
in these few years only that the product of its combustion has been 
proved to be^ure carbonic acid^ This remarkable discovery is 
due to Mr. IVinant. .'W 

Now let us try to make some carbonic acid. Will you, Emily, 
decant some oxygen gas from this large j^r into the receiver in 
which we are to burn the carbon ; and I shall introduce this small 
piece of charcoal, with a little lighted tinder, which will be neises- 
sary to give the first impulse to combustion. 

Emih/. I cannot conceive how so small a piece of tinder, and that 
but just lighted, can arise the temperature of the carbon sufficiently 
to set fire to it ; for it can produce scarcely any sensible heat, and 
it hardly touches the carbon. 

Jtfrf. B, The tinder thus kindled has only heat enough to begin 
its own combustion, which, however, soon becomes so rapid in the 
oxygen g^s, as to raise the temperature of the charcoal sufficiently 
for this to burn likewise, as you see is now tlie case. 

Emih/, I am surprised that the combustion of carbon is not more 
brilliant ; it does not give out near so much light or caloric as 
phosphorus, or sulpher. Yet since it combines with so much oxy- 
gen, why is not a proportional quantity of light and beat disengag^ 
irom the decodiposition of the oxygen gas, and the union of its 
electricity with that of the charcoal ? 

Mr$. B. Is it not surprising that less light and heat should be li- 
berated in this than in almost any other combustion, siocepbe ox- 
yg^, instead of entering into a solid or liquid combination, as it 
does in the phosphoric and sulphuric acids, is employed in forming 
another elastic fluid ; it therefore parts with less of its caloric\ 

Em&y. True ; and, on second co&sideration, it appears, off the 
<;ontrary, surprising that the oxygen should, in its combination ^ 
wi^ carbon, retain a sufficient portion of caloric to maintain both/^ 
substances in a gaseous state. ** 4^^' (■ 

Caroline* We may then judge of the degree of solidity in which 
oxygen is combined in a burnt body, by the quantity of caloric li- 
berated during its combustion ? 

JIrs, B, Yes ; provided that you take into the account the quan- 
tity of oxygen absorbed by the combustibe body, and observe the 
proportions which the caloric bears to it. 

Caroline, But why should the water, after the combustion of car- 
bon, rise in the receiver, since the gas within it retains an aeriform 
state ? 

Jtfrf. B. Because the carbonic acid gas is gradually absorbed by 
the water ; and this efiect would be promoted by shaking the re- 
ceiver. 

Emily, The charcoal is now extinguished, though it is not nearly 
coosumed ; it has such an extraiordinary avidity for oxygen, I sup- 
pose, that the receiver did not contain enough to satisfy the whole. 

Mrs B, That is certainly the case ; for if the combustion were 



674. What is the production of their combustion? 

575. Why is so little light and heat disengaged in the combustioQ 
of carbon ? ^ 

576. Does carbon unite with more than one prop|^tion of oxy- 
gen? 



Digitized byV^OOQlC 



14S ojomon. 

pttrfbrmed in the exfiot proportions of tR parts of carbon (o li of 
oxygen, both those ingredients would disappear, and 100 parts of 
carbonic acid wonld be produced. 

Caroline, Carbonic acid must be a very strong acid, since it con- 
tains so great a proportion of oxygen ? 

Mrs, B, That is a rery natural inference ; yet it is erroneoos. 
For the carbonic is the we^keA of aH the acids. The strength of 
an acid seems to depend ^!pon the nature of its basis, and its mode 
of combination, as weliVs upon the proportion of the acidifying 
principled The same<^uantity of oxygen that will convert some bod- 
ies into stAng acids, will onlv be sufficient simply to oxydate others. 

Caroline. Since this acid is so weak, 1 think chemists should 
hare called it the carbonou$, instead of the carbonic acid. 

Emily, But, I suppose^ the carbonous acid is still weaker, and is 
formed by burning carbon in atmospherical ain 

Mrs* B, It has been lately discovered, that carbon may be coo- 
verted into a gfas, by uniting with a small proportion of oxygen ; 
b«t as this gas does not possess any acid properties, it is no more 
than an oxyd ; it is called gaaeousoxyd of carbon. 

Caroline. Pray is not carbonic acid a very, wholesome gfas to 
iNreathe, as It contains so much oxygen ? j^ 

Jin, B, On the contrary, it is extremely pernicions. lUxygeii, 
when in a state of combination with other substances, lo^s, in al- . 
smst every instance, its respirable preperties, and the salnbrious 
0flecU which it kacB on the animal economy when in its unconfined 
•tatej Carbonic acid is not only unfit for respiration, but extreme- 
ly deleterious if taken into the lungs, 

Emify. Ton know, Caroline, how vevy unwholesome the fumes 
of burning charcoal are reckoned. 

^troline. Yes ; "but to confess the truth. I did not consider that 
^''coQtl fire prediiced carbonic acid gasX-Catt this gas be coa- 

nsed into a liquid ? ' 

Mr9. B. No : for, as T told yon before, it b a permanent elastic 
floid. But water can absorb a certain quantity of this gas^nd can 
even be impre|^ated with it, in a very strong deffree, byjbe assis- 
tance of agitation and pressure, as 1 am going to show joSS I shall 
decant some carbonic acid gfas into this bottle, which I fiU^rst with 
water, in order to exclude the atmospherical air ; the gpas is then 
introdoced through the water, which you see it displaces, for it will 
Bot mix with it in any qnantity, unless ittrongly agitated, or allewed 
to stand over it for some time. The bottle is now about half fiitt of 
jearbonic acid gfas, and the oth^r half is still occupied by Ihe water. 
By corking the bottle, and then violently shaking it, iii this way, I 
can mix the gras and water together. Now will you taste it ? 

Emilff, It has a distinct acid taste. . 

CarBUm, Tee, it it sensibly soar, and appears fbH of little bvbUes. 

JUrt. B, It poseesees likewise all the other properties of acid, but 



677. On what does the strength of an acid depend ? 
BIB. Why is not carbonic acid good for respiratieilf stoce it god- 
tains a large qwintHy of oxygen ? 
579. MHiy arethelfno^es of burning charcoal reckoned vnwhde- 



580. How can water be impregnated with carbonic gat ? 

581. What it Seltzer fonnd to be, on analytit f 
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of cooreei io a leas d^ipre^ tfaaD the pnre carbooic aoid i^m^ as it it 
so mach dilated by water. This is a kind ef arti|icial Seltzer water. 
By analysiag (bat whieh is produced fc^ Datare,/it was fouod to cod- 
taio scarcely any thing- tnore than commoo water impregnated with 
a oertain proportion of carbonic acid gpa^ We are therefore able to 
imitate it by miztBg those proportions m water and carbonic acid. 
Here, my dear, is aa instance in which, by a chemical process, we 
can exactly copy the operations of nature,; for the artificial Seltzer 
waters can he made in every respect similar to those of nature ; in 
one point, indeed, the former baire an advantage, since they may 
be prepared stronger or weaker, as occasion reonires. 

CaroHnt, I thought I had tasted such water before. But what 
renders it so brisk and sparkling ? 

Mn, B* This sparkling or effervescence, as it is called,^ ahvays 
occasioned by the action of an elastic fluid escaping from a liqaid^ 
in the artificial Seltzer water it is produced by the carbonic aci<f; 
which being lighter than the water in which it was streegly conden- 
sed, flies off with great rapidity the instant the bottle is uncorked ; 
this makes it necessary to drink it immediately. The bubbling 
that took place in this bottle was but trifling, as the water was but 
very slightly impregnated with carbonic acid. It requires a partic- 
ular apparatus to prepare the gaseous artificial mineral waters. 

Emily. If, then, a bottle of Seltzer water remains for any length 
of time uncorked,! suppose it returns to the state of common water ? 

Mrs. B. The whole of the carbonic acid gas, or very nearly so, 
will soon disappear : bat there is likewise in Seltzer water a vei^ 
small ouantity of soda, and a few other saline or earthy ingr^i- 
eats, which will remain in the water, though it should be kept un- 
corked for any length of time. ^ 

Caroline. I have often heard of people drinking soda-water. 
Pray what sgrt of water is that ? 

Jir$. J9./1t is a kind of artificial Seltzer water, holding in solu- 
tion, besidm-the gfaseons acid, a particular saline substance^alled 
soda, which imparts to the water certain medicinal qualitiesTV 

Car^pline. But how can these waters be so wholesome, since car« 
bonie acid£ so pemicioas ? 

Mrs. BIA gas, we may conceive, though very prejudicial to 
breathe, i^y be beneficial to the stomacCd^But it would be of no 
«se to attempt explaining this more fnUy IR present. 

CoroUne. Are waters never impre|fnated with other gases ? 

Mrs. B. Yes ; ^ffeere are several kinds of gaseous waters. I forw 
ftA to teQ yon tUk waters have, ibr some yearii past, been prepared, 
tnprmiated both with o^g^ and hydrogen gases. These are not 
••a imitation of nature, but are altogether obtahied by artificial 
means. Tbev have been lately used medicinsill^^, particnlarly on Hie 
c;onttnent, where* I understatid, they have acquired some repatatibn j 

Emi^. If I recoHect right, Mrs. B., you teld as that carbon WM 



582. How is the brisk and sparkling appearance in Seltzer water 
oo(6asibaed/ 

583. What is soda water ? 

564. How can these waters be wholesooM^ since carbonic acid 
is ao pernicious? 

9 585. What other gaseoas waters have been prepared, and for 
what purpose? ^ i 
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capable of decomposing water ; the affinity between ozyren and car* 
bon must^herefore^be greater than between oxygen ana hydrogen ? 

Mrs, B, Yes ; but this is not the case, unless their temperature 
be raised to a certain degree. It is only when carbon is red-hot, 
that it is capable of separatmg the oxygen from the hydrogen. 
Thus, if a small quantity of water be thrown on a red-hot' fire, it 
will increase rather than extinguish the combustion ;/for the coals 
of wood, (both of which contain a quantity of carboo>) decompose 
the water, and thus supply the fire both with oxygen and hydrogen 
gases\ If, on the contrary, a large mass of water be thrown oFer 
the fi|^, the diminution of heat thus produced is such, that the com- 
bustible matter loses the power of decomposing the water, and the 
fire is extinguished. 

Emily. I have heard that fire-engines sometimes do more harm 
than good, and that they actually increase the fire when they cannot 
throw water enough to extinguish it. It must be owing, no doubt, 
to the decomposition of the water by the carbon during the confla- 
gration. 

JIfri. B. Certainly. — The apparatus which yon see here ffig. 27,) 
Fig. 27. 

Decompoaition of water bj Ctrbos. 



may be used to exemplify what we have just said. It consists in a 
kind of open furnace, through which a porcelain tube, containing' 
charcoal, passes. To one end of the tube is adapted a glass retort 
with water in it ; and the other end communicates with a receiver 
placed on the water bath. A lamp being applied to the retort, and 
the water made to boil, the vapour is gradually conveyed through 
the red-hot charcoal, by which it is decomposed ; and the hydrogen 
gas, which results from this -decomposition, is collected in the re- 
ceiyer. But the hydrogen thus obtained is for from being: pure ; it 
retains in solution a minute portion of carbon and contains also a 
quantity of carbonic acid. This renders it heavier than pure hir- 
oroffen gM, and fPW it some pecaliar properties : it is distinguisli- 
ed by tM name M&rbonated hydrogen gas.^^ 

687. Why will a small onantity of water thrown upon a fire in- 
crease rather than dioiinish it ? 

688. How would yon describe the experiment made by the vie 
of figure 27 .> 

589. What it thecal called produced in the ezperimeDt? 
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Caroline* And whence does it obtain the carbonic acid that k 
mixed with it? 

Emily. 1 <belieye 1 can answer that question, Caroline.— From 
the union of the ox^^n (proceeding from the decomposed water) 
with the^carbon, which, you know, makes carbonic acid. 

Caroline, True : I should have recollected that. — The product 
of the decomposition of water by red-hot charcoal, therefore, is car- 
bonated hydrogen gas, and carbonic acid gas. 

Mrs. £, You arfe perfectly right, now. 

Carbon is frequently found combined with hydrogen in a state of 
solidity, especially in coals, which owe their combustible nature to 
these two principles. 

Emily. Is it thei{ydrogen\then, that produces the flame of coals? 

JIfrv. B. It is so V and when all the nydrogen is consumed, the 
carbon continues^o burn without-flame. Butag^in, as I mention- 
ed when speaking of the gas-lights, the hydrogen gas produced by 
the burning of -coals-is not pure.; for, during the combustion, par- 
ticles of carbon are successively volatilized with the hydrogen, with 
which they form what is called a hydro^arbonatf which is the prin- 
cipal product of the combustion. 

/Carbon is a very bad conductor of heaU; for this reason, it is 
OTiployed fin conjunction with other ingredients) for coating fuma- 
ees and other chemical apparatus. 

Emily. Pray what is the use of coating furnaces ? 

Jtfrf. J0. In most cases in which a furnace is' used, it is necessary 
to produce and preserve a great degree of heat,- for which purpose 
every possible means are used to prevent theheat from escaping by 
communicating with other bodies, and this object is attained by 
.jcoating over the inside of the furnace with a^^kind^f plaster, -com- 

«^ of materials that are bad conductors of heat. 

Carbon, combined with a small quantity of iron, iorms a com- 

lund called plumbago, or black lead, of which pencils are made. 

his substance, agreeably to the nomenclature, is a eof^ret rfirorSi 

Emily. y^Ju^t then, is it called black-lead ? ^ 

Jffrt. B.At is an ancient name gjven to it by ignorant people, 
^om itsshimng metallic appearancej but it is certainly a roost im- 
proper name for it, as there is not a inurtiole of lead in the composi- 
•don. There is only one ^ninei^f this mineral, which is in Cumber- 
land.'" It is suppmed to approach as nearly to pure carbcii as tb# 
4}est. prepared chapcoal does, as it contains only five parts of iron, 
Upadnlterated by^ any other for^if n4n^dients. There is another 
«rbi|ret of iron^ in which the iron, though united only to an ex- 

* She means in England. Bla^k lead is found in a great variety 
of places in this country. — C. 

, . ' , , ' . . ^^.-.1 

590. By what is the flame of burning coals occasioned ? 
691. nhy is^carboouxsed for coating furnaces and other cheini<» 
cal apparatus? 

592. Of what is Mack lead made ? . 

593. Why is it called black lead? 

594. Whatis steel? 

"' .13 
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tremelv small proportioD of earbon, acquires very remarkable pro- 
perties\ this is steel. 

Caroline, Really ; and yet steel is much harder than iron ? 

Jlrs. B. But carbon is not ductile like iron, and therefore may 
render the steel more brittle, and prevent its bending so easily. 
Whether it is that the carbon^ by introducing itself into the pores 
of the iron, and, by filling them makes the metal both harder and 
heavier; or whether this change depends upon some chemical 
cause, 1 cannot pretend to decide. But there is a subsequent ope- 
ration, by which the hardness of steel is very much increased, 
which simply consists/n heating the steel till it is red-hot, and then 
plunging it into cold water!) 

Carbon, besides the combination just mentioned, enters into the 
qomposition of a vast number of natural productions : such, for in- 
stance, as all the various kinds of oils, which result from the com- 
bination of carbon, hydrogen, and caloric, in various proportions. 

Emily. 1 thought that carbon, hydrogen, and caloric, formed car- 
bonated hydrogen gfas. 

Mr8. B. That is the case when a small portion of carbonic acid 
ga 8 is held in solution by hydrogen gas. Different proportions of 
the same principles, together with the circumstances of their union, 
produce very different combinations ; of this you will see innume- 
rable examples. Besides, we are not now talking of gases, but of 
carbon and hydrogen, combined only with a quantity of caloric, 
sufficient to bring them to the consistency of oil or fat. 

Caro/ine. But oil and fat are not of the same consistence? 

Jtfri. B.(Fat is only eongealed oil ; or oil, melted fat. Theone 
requires a little more heat to maintain it in a fluid state than the 
otner?k Have you never observed the faX-o( meat turned to oil by 
the caloric it has imbibed from the fire ? 

Emily, Yet oils in general, as salad-oil, and lamp-oil, do net turn 
to fat when cold ? 

Mrs, B. Not at the common temperature of the atmosphere, be- 
cause they retain too much caloric to congeal at that temperature^ 
but if exposed to a sufficient degree of cold, their latent beat is ex- 
tricated, and they become solid, fat substances. Have you never 
«een salad-oil frozen in winter ? 

Emily. Yes ; but it appears to me in that state veiy diffi»rent 
from %iimal fat. 

Jtfrs. jB. The essential eonstituent parts of either vegetable or an« 
iais4 oils are the same,/€arbon and hydrogen \ their variety ariaes 
from the different propbrtions of these substawses, and from other 
accessory ingredients that may be mixed with fb^. The oil of a 
whale, and the oil of roses, are, in their essential, constituent parts, 
the same ; butnlie one is impregnated with (be offensive particles of 
Animal matter,Hhe oiber with the delicate perfume of a flower^ 

The difference ef fixed oilt, and voldtiU or euential o^/^onsists 
also in the various proportions of carbon and hydrogen, fixed oils 

695. To what is the hardness of steel owing ? 

696. What is the difference between fat and oil ? 

697. What are the essential constituent parts of oil f 

698. What is the difference between oft'ensire animal and framtot 
vegetable oil-i 
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are thoee which will Dot evaporate without being decomposed^ this 
is the case with all common oils, which contain a greater proportion 
of carbon than the essential oils. /Tbe essential oils (which com- 
prehend the whole class of essences Imd perfumes] are lighter ; they 
contain more equal proportions of carbon and hj[|]rpgen, and are 
volatilized or evaporated without being decomposed^ 

Emily. When you say that one kind of oil will evsCporate, and tbe 
other be decomposed, you mean, I suppose, by tbe application of 
heat? 

Mrs, B* Not necessarily ; for there are oils that will evaporate 
slowly at the common temperature of the atmosphere ; but for a 
snore rapid volatilization, or for their decomposition, the assistance 
of heat is required.* 

Caroline, I shall now remember, 1 think, that fat and oil are re- 
ally tbe same substances, both consisting of carbon and hydrogen ; 
that in fixed oils the carbon preponderates, and heat produces a de- 
composition ; while, in essential oils, the proportion of hydrogen is 
greater, and heat produces a volatilization only. 

Emify. 1 suppose the reason why oil burns so well in lamps, is 

/Tfecause its two constituents are so combustible ?\ 

V Jtfr<. B, Certainly ; the combustion of oil is ymi the same as that 

of a candle ; if tallow, it is only oil in a concrete stale ; if wax, or 

spermaceti, its chief chemical ingredients are still hydrogen and 

carbon. 

Emily, I wonder, then, there should be so great a difference be- 
tween tallow and wax f 

Mrs, B, I must again repeat, that the same substances, in differ- 
ent proportions, prcxluce results that have sometimes scarcely anv 
resemblance to each other. But this is rather a general remark 
that I wish to impress upon your minds, than one which is applica- 
ble to the prcgeot case ; for taliow and wax are far from being very 
dissimilar ;/(ne chief difference consists in the wax bang a purer 
compound vf carbon and hydrogen than tbe tallow, which retains 
more of the gross particles of animal matter.A The combustion of a 
candle, and that of a lamp, both produce wAter and carbonic acid 
gas. Can you tell me how these are formed r 

Emily. Let me reflect . . . Both the candle and lamp burn by 
means of fixed oil — this is decomposed as the combustion goes on ; 
and tbe constituent parts of the oil being thus separated, tbe carbon 
unites with a portion of oxygen from the atmosphere to form carbo- 
nic acid gas, whilst the hydrogen combines with another portion of 

*The volatile or essential oils evaporate when exposed to the air. 
Hence the odour which oil of lavender, peppermint, &c. give out. 
The animal oils, and what are called expressed oils, as that of castor, 
&c. do not evaporate, /fience a good test of the purity of essential 
oil, is, to let a drop fall dn paper. If a grease-spqt remains after a 
few minutes, it is adulterated with some fixed oil.^C* 



599. What are fixed oils ^ 

600. What are essential oils ? 

601. Why will oil burn so well in lamps .' 

602. In what does the difference between tallow and wax consist I 

603. How may the adulteration of volatile oil be detected ? 

604. What are the products of the combustion ofpils I 
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oxygen and forms withjj water.-p-Tbe products, thtirefore, of the * 
combustion of oils, are^ater and carbonic acid gas.\ 

CarolvM, But we sek neither water nor carbonio^acid produced 
by the combustion of a candle. 

Mrt, B. The carbonic acid gas, you knovf, is inrisible^ and the 
water being in a state of rapour, is so likewise. Emily is perfectly 
ccm^^t in her explanation, and I am very much pleased with it. 

AU the yegetable acids consist of various proportions of carbon 
addb^drogen, acidified by ozygenlN Gums, sugar, and starch, are 
likewise composed of these ingredients ; but, as the oxygen, which 
thiey contain is not sufficient to con?ert them into acids, they are 
Classed with the oxyds, and called vegetable oxyd. 

CaroUnt. I am extremely delighted with ail these new ideas ; 
b\it, at the s&me time, I cannot help being apprehensive that I may 
forget many of them. 

MrM. B. i would advise you to take notes, or, what wouM answer 
better stiH, to write down, after every lesson, as much of it as you 
can recollect And, in order to |^ive you a little assistance, I shall 
tend you the heads or index, which I occasionally consult for the 
sake of preserving some method and arrangement in these coover- 
ibtions. Unless you follow some such plan, you cannot expect to 
^tain nearly all that you learn, how great soefer be the impress- 
ion it may make on you at first. 

Emily, I will certainly follow your advice. Hitherto I have 
found that I recollected pretty well, what yoil have taught us ; but 
the history of carbon is a more extensive subject than any of the 
simple bodies we have yet examined. 

Jlfri. B, 1 have little more to say on carbon at present f. but 
hereafter 3rou will see that it performs a considerable part in chem- 
ical operations. 

Caroline, That is, I suppose, owing to its entering into the com- 
posftion of so great a variety of substances ? 

Mh. B, Certainly ; it is the basis, as you have seen,ofallvege» 
table matter ; and you will find that it is ver^ essential to the pro- 
cess of animalization. But in the mineral kingdom, also, pitfticu- 
larly in its form of carbonic acid, we shall diMSOver it combined 
#ith a great variety of substances. ^ 

In Gbemical operations, carbon is particularly useful, .from its 
Very great attraction for oxygen, as it will absorb this siibstance 
from many oxygenated Or burnt bodies, and thus de-oxy^nate,oXy 
iitibum them, and restore them to their original combustible statc^ . 

Caroline. 1 do not understand how a body can be unbumt^ and Te»/ 
stored to its original state. This piece of tinder, for instance, that 
htd been burht, if bv any means oxygen were extracted from it, 
would not lire restored to its former state of linetr ; I6r its texture is 
destroyed by burning, and that must be the case with all organized 
of manWfa^tured substances, as you observed in a former conversa- 
tion. 

Mrs, S, A cpinpound body is decomposed by combustion in a way 
which generally precludes the possibility of restoring it to its former 
state ; the oxygen, for instance, does not become fixed in the tinder. 



605. Of what do the vegetable acids consist ? 

606. How does carbon restore oxydated substances to their com- 
bustible sUte ? 
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b«t it combines with its ydatile parts, and flies off in the shape of 
gas or watery vapour. Too see, therefore, how vain it would be to 
attempt the recom position of such bodies. But, with reg^ard to sim- 
ple bodies, or at least bodies whose compoaeot parts are not dis- 
.tnrbed by the process of oxygenation or deoxyg^nation, it is often 
possible to restore them, after combustion, to their original state. 
The mptals, for instance, undergooDo other alteration by combustion 
tban/acombination with oxygenA therefore, when toe oxyeenis 
taJE^from them, they return to/meir pure metallic state. But I 
shall say nothing further of this at present, as the metals will furnish 
ample subject for another morning ; and they are the class of sim^ 
pie bodies that come next under consideration. 



CONVERSATION X, 

ON METALS. 

•¥iri. B. ThepiETALsjtrhich we are now to examine, are bodies 
of a very different natunv from those which we have hitherto con- 
sidered. They do not, like the bases of gases, elude the observa- 
tion of our senses ; for, they are the most brilliant, the most. poo- 
derous, and the most palpable substances in nature. 

Caroline. I doubt, however, whether the metals will appear to ns 
so interesting, and g^ve us so much entertainment, as those myste- 
rious elements which conceal themselves from our view. Besides, 
tbey cannot afford so much novelty : they are bodies with which 
we are already so well acquainted. 

Mrs. B, You are not aware, mj dear, of the interesting discove- 
ries which were a few years ago made by Sir H. Davy, respectinf 
ibis class of bodies. By the aid of the Voltaic battery, he has obtaioed 
from a variety of substances, metals before unknown, the properties 
of which are equally new and curious. We shall begin, however, by 
Doticing those metsos with which you profess to be so well acquain- 
ted. But the acquaintance, you will soon perceive,ts but very super- 
ficial, and i trust you will find both novelty and entertainment iti 
considering the metals in a chemical point of v iew. To treat of this 
subject fully, would require a whole course of lectures ; for metals 
form of themselves a most important branch of practical chemistry. 
We must, therefore, confine ourselves to a general view of tton. 
miese bodies are seldom found naturallv in their metallic fonnSfthey 



are generally more or less oxygenatea, or combined juthjMUpknr, 
earths, or acids, and are often blended with each otheA /TheV are 
found buried in the bowels of the earth in most parts of tneiirorld, bat 
chiefly in mountainous districts, where the surface of the globe has 
been djsturbed by earthquakes, volcanoes, and other convulsions of 
nature.^ They are spread in strata or beds, called veins, and these 
▼eins ave composed of a certain quality of metal, combined with 

607. What alteration do metals undergo from combustion ? 

608. What is the subject of this Conversation ? 

609. Are metals generally found in their pure metallic st^te ? 

610. In what state are they usually found to exist? 
^U. In what places are they ehiefly discovered ? 
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rarious earthy substances, with which they form minerals of difier- 
eot nature and aprpearance, which are called ares. 

Caroline, I now^ feel quite at home, for my father has a lead mine 
in Yorkshire, and I have heard a great deal about veins of ore, and 
of the roasting and smelting of lead ; but, I eonfess, that I do not 
understand in what these operations consist. 

J^rs B./Koadting is the process by whicbthe volatile parts of the 
dr6 are eVa>Drated : smelting, that by which the pure metal is af- 
ter w'ards separateAfrom the earthy remains of the ore. This is 
done by throwing Ufe Whole into a furnace, and mixing it with cer- 
tain substances that will combine with the earthy parts and other 
foreign ingredients of the ore ; the metal bein^ the heaviest, falls 
to the bottom, and runs out by proper openings m its pure metallic 

state* 

Emily. Tou told us in a preceding lesson, that metals had a great 
affinity for oxygen. Do they not, therefore, combine with oxygen, 
when strongly heated in the furnace,and run out in the state of oxyds? 

Mrs. B. No ; l^r the scoriae, or oxyd, which soon forms on the 
surface of the ibsed metal, when it is oxydable, prevents the air 
from having any further influence on the mass ; so that neither 
combustion nor oxygenation can take place\ 

Caroline. Are aU^the metals equally comiustible ? 

Jtfr«. B. /No ?lraeir attraction for oxygen varies extremely. 
There are sdtae ASt i^'ill combine with it only at a very high tem- 
perature, or by the assistance of acids ; whilst there are others that 
oxydate spontai^Bously, and with great rapidity, even at the low- 
ttt tetiiperature^ «uch is, in particular, manganese, which scarcely 
ever exists in «Re metallic state, as it immediately absorbs oxygen 
on being exposed to the air, and crumbles to an oxyd in the coarse 
of a few hours. ^ . ^ 

Emily . Is not that the_oxyd from which you extracted the oxy- 
gen gas ? 

Jdrt. B. It is : so that, you see, this metal attracts oxygen at a 
low temperature, and parts with it when strongly heated. 

Emily. Is there any other metal that oxydates at the tempera- 
ture of the atmosphere ? 

Jdr^. B/Tbey all da, more or less, excepting gold, silver, and 

Ijopisti leiid, and iron, oxydate slowly in the air, and cover them- 
wises with a sort of rust, a process which depends on the gradual 
eonversion of the surface into an oxyd. This rusty surface pre- 
serves the interior metal from ozydation, as it prevents the air 
ftotn coming in conUct with it. Strickly spekkiog, howfever, the 
word rust applies only to the oxyd, which forms on the surface of 
iron, when exposed to air and moisture, which oxyd appears to be 
tnited with a small portion of carbonic acid^ 
^ ' " ' ^ ' ' " • ■ 1 . ■ ■ • ■ T . t '• I - ■ . • 1 1 . I ,1 1 ■ • III. 

612. How are they refined ? 

613. What prevents the combustioa and oXygenatbn of metale« 
when in a state of fusion ? 

614; Are all metals equally combustible f 

615. To what is tUeir difference in this respect owing ? 

616. Do metals oxydat^ od beinp: exposed to the air? 

6; 7. By what is the rust oocasiooed that takes plaoe on copper 
andiron.' . 
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Emily. When metals oxydate from ^® atmosphere without an 
eleyation of temperature, some light and beat, I suppose, roust be 
dlseng^aged. though not in sufficient quantities to be sensible. 

Mrs, £.n7ndoubtedly\and, indeed Jrt is not surprising that, in 
this case, fee light and Ipat should noAbe sensible, when you con- 
sider bow extremely slow, and, indeed, bow imperfectly, most met- 
als oxydate by mere exposure to the atmosphere. For the quantity 
of oxygen with which metals are capable of combining, generally 
depends upon their temperature ; and the absorption stops at va- 
rious points of oxydation, according to the degree to which their 
temperature is raised, j 

Emth/i That seemsifery natural ; for the greater the quantity of 
caloric introduced into a metal, the more will its positive electricity 
be exalted, and eoosequently the stronger will be its affinity for ox- 
ygen. 

JVrt. B, Certainly^ When the metal oxygenates with sufficient 
rapidity for light and heat to become sensible, combustion actually 
takes place. JBut this happens only at very high temperatures, 
apd the product is nevertheless an oxyd ; for though, as 1 have just 
said, metals will combine with different proportions of oxygen, yet 
with the exception of only five of them$ they are not susceptible of 
acidification. 

Metals change color4uring the different degrees of oxydation 
which they undergo. /Lead, when heated in contact with the at- 
mosphere, first becocn^ erey ; if its temperature be then raised, 
it turns yellow, and a still stronger heat cnangesit to red. Audit is 
even capable of a stronger degree of oxydation, in which the oxyd 
MB puce colored. Iron becomes successively a green, brown and 
wnite oxyd. Copper changes from brown to blue, and lastly green« 

Emily. Pray, is the wbke lead with which houses ara painted^ 
prepared bvjDxydating lead 1 

Mrs, B. (Not merely by of ydating, bi^ by being also united with 
<3arbonic abid. It is a carbonat of lead j The mero oxyd of lead is 
called red IfMid. Litharge is another oxyd of lead, containmgj 
oxygen. /Almost all the metallic oxyds are used as paints^ j 
various sorts of ochres consist chiefly of iron more or less oxydl 
And it is a remarkable ciroumstance, that if you burn metals rap 
idly, the lig^bt or flame they emit during combustion partakes of the 
colours which the oxyd successively assumes. 

CaroHnt. How is that accounted for, Mrs. B., since light does 
not proceed from the burning body, but from the decomposition of 
the oxygen eas ? 

Mr$. B. llie correspondence of the color of the light, with that 
of the oxyd which emits it^ is, in all probability, owin^ to some par- 
ticles of the metal which are volatilized and carried offby the caloric 



fil8. Are light and heat diseng^a^ when metals oxydate from 
the atmosphere, without an elevation of temperature? 
619. Why are they not peroeived ? 

630. What changes of colour do lead, iron, and copper nndeigo 
during their different degrees of oxydation f 

631. How is common white lead obtained ? 

692. For what parpose are most of the metallic oxyds iiaad ? 
623. How are yellow paints or ochres obtainedt or of what are 
tibisy composed ? 
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' Carofine. It is then a sorf of metallic gai. 

Km^r Why is it reckoned so nnwholesonie to breathe the air of 
D ade where metals are melting? , ^ • _, « * ♦ 

^^r B Perhaps the notion is too generally entertained. Bnt it 
8L tme with respect to lead, and some other noxious melals/fooiiise 
nnf^s Tare be taken, the particles of the oxyd which are Volatiha- 
Sb^ the heat are inhaled with the breath, and may produce dan- 
gerous effectsA 



Fig. 28. 




I must show you some 
instances of the combus- 
tion of metals ; it would re-> 
quire the heat of a furnace 
to make them bum in the 
common air, but if we sup- 
ply them with a stream of 
/vkygen ga^ we may easily 
^«ttCComplisfant. 

Caroline. It will still, I 
suppose, be necessary in 
some degree to raise their 
temperature ? 

Mrs. B, This, at yoa 
shall see, is very easily 
done, particularly if the 
experiment be tried upon 
a small scale. I begin by 
lighting this piece of char- 
coal with the candle, and 
then increase the rapidity 
of its combustion by blow- 
ing upon it with a blow- 
pipe. (Fig. 28, No. I.) 

Emihf. That I do not 
understand; for it is not 
every kind of air, but 
merely oxygen gas, that 

produces combustion. 

Now you said that in brea- 
thing we inspired, but did 
not expire oxygen gas.— 
Why, therefore, should the 
air which you breathe thro* 
the blow-pipe promote the 
combustion or the char- 
coal ? 

Mrs. B. Because the 
air, which has but 



SI % combo^B •( m.uit by umm of . biowrfi|» eoD-18 vct but litttc aiterea, m 

wmfimg a ^tmrn of oijftf* fM from a r»>-boM«r.\ small pOrtion OUly Of itS «- 

yren being destroyed ; so that a freat deal more is gained by in- 
creasing the rapidity of the current, by means of the blow pipe, tliaa 

6«4. Why is if reckoned unwholesome to breathe the air of m 
place in which metals are melting ? 
625. What Q2a produces combustion ? Digitized byCiOOgle 
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18 lost ID coDseqneDce of the air passing once tlirough the lung^, as 
you shaji see — 

Emily. Yes, indeed, it makes the charcoal bam much brighter. 
Jtfrt. B, Whilst it is red hot, I shall drop some iron filing^ on it, 
and supply them with a current of oxygen gas, by means of this 
apparatus, (Fig. 28, No. 2.) which consists simply of a closed tin 
cylindricaJ vessel, fullf of oxygen g^, with two apertures and stop- 
docks, by one 6f which a stream of water is tbrov^n into the yessel 
through a long funnel, whilst by the other the gas ift forced out 
through a blow -pipe adapted to it, as the water gains admittance. 
Now that I'pour water into the funnel, you may hear the gas issu- 
ing from the blow-pipe. I bring the charcoal close to the cQrreot, 
and drop the filings upon it— 

Caroline, They emit much the same viyid light as thecoihbustioa 
of the iron wire in oxygen gas. 

Mrs, B, The process is, in fact, the same ; there is oAlf some 
difference in the mode of conducting it. Let us burn some tin in 
the same manner— yod see that it is equally combustible. Let us 
now try some copper — 

CarotifU. This burns with a greenish flame ; it is, I suppose, ow- 
ing to the color of theoxyd? 
M^milv. Pray, shall we not also bum some gold ? ^ 

Mrt, B. That is npt in our power, at least, in this way. (Gold, 
silver, and platin^tMire incapable of being oxydated by the gfeatest 
heat that we ean^itpduce by the common methoda It is from this 
circumstance, that they have been called perfe<A metals. Even 
these, howerer, have an affinit> for oxygen ; but their oxidation or 
com bastion can be performed only by means of acids, or by electri- 
city. ^ 

The spark given out by (he Voltaic battery produces at the point 
of contact, a greater degree of heat than any other process ; and it 
ia:at this very high temperature only that the affinity of these met- 
als for oxygen will enable them to act on each other. 

I am sorry that 1 cannot show you the combustion of the perfect 
metals by this process, but it requires a considerable Voltaic battery. 
Ton will see these experiments performed in the most perfect man- 
ner, when you attend the chemical lectures of the Royal Instittition. 
Bot in the mean time 1 can, without difficulty, show yoti ad ingen- 
ious apparatus lately contrived for the purpose of producing i&tense 
lieats, the power of which nearly equals that of the largest Voltaic 
batteries. It simply consists, you see, in a strong box, made of iron 
or copper, (Fig. 29.) to which may be adapted the air-syringe or 
condensing pump, and a stop-cock, terminating in a small orifice 
similar to that of a blow- pipe. By working the condensing syringe 
up and down in this inanner, a quantity of air is accumulated in the 
vessel, which may b^ increased to almost any extent, so that, if we 
iiow turn the stop-cock, the condensed air will rash out, forming a 
jet of considerable force ; and if we place the fiatoe 6f a lamp in the 
esurient, you wiU see how violently the flame is driven m that direc- 



626. What is represented by figure 28 ? 

627. What metals have been called perfect ? 

628. Why have they been thus called f 
62y. What is represented by figure 29 ? 
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/At the rcMrroir of condeDsed air. B, the condeiuiof >7rkif«. 

Caroline 



I C, the bUddtr for oxygen. D, tbc moveable jet A 

me, It8 - /- 



t seems to be exactly the same effect artbat of a blow* 
pipe worked by the mouth, only much stronger. 

Emily, Yes ; and the iostrument has this additional adyantage, 
that it does not fatigue the mouth aqd lungs like the common blow- 
pipe, and requires no art in blowing. 

Mrs, B, Unquestionably ; but yet this blow- pipe would be of 
very lioiited utility, if its energy and power could not be greatly 
ncreased by some other contrivance. Can you imagine any mode 
of producing such an effect ? 

Emily, Could not the reservoir be charged with pure oxygea 
instead of common air, as in the case of the gas-holder ? 

Jtfrjv-S. Undoubtedly ; this is precisely the contrivance I allude 
bo. ^ne vessel need only be supplied with air from a bladder full 
of c^ysren, instead of the air of the room, and this, you see, may 
be easily done by screwing the bladder on the upper part of the syr- 
inge, so that, in working the syringe, the oxygen gas is forced from 
the bladder into the condensing vesseKi 

CaroHne, With the aid of this small ^paratus, therefore, we could 
obtain the same effects as those we have just produced with the gas- 
holder, by means of a column of water forcing the gas out of it. 

•Mrs, B, Yes ; and much more conveniently so But there i» 
s mode of uaing this apparatus, by which more powerful effects 
still may be obtained. /Tt consists in condensing in the reservoir, 
not oxygen alone, but k^mixture of oxygen and hydrogen in the ex- 
act proportion in which they unite to produce water ; and then kin- 



630. How could the reservoir in that figure be supplied with pure 
oxygen ? 

631. How is the most intense heat produced ? 
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die the jet formed by the mixed gasesJ The heat disengap^ hy this 
-combustioD, without the help of anyHamp, is probably the most in- 
tense koown ; and Tarious effects are said to hare been obtained 
fratn it which exceed all expectation. 

Caroline. But why should we not try this experiment ? 

Mrs. B, Because it is not exempt from danger ;* the combustion 
(notwithstandfng rarious contrivances which have been resorted to 
with a view to prevent accident) being apt to penetrate into the in- 
side of the vessel, and to produce a dangerous and violent explosion. 
We shall, therefore, now proceed to our subject. 

'Caroline, I think you saidfthe oxyds of metals could b^ restored 
to their metallic state J y 

Mrs, B, Yes ; this^peration is called reowing a metal. Metals 
&re in general capable of being revived by charcoal, when heated 
red hot, charcoal having a^reater attraction for oxygen than the 
metals. Yon need only, therefore^ecompose, or unburn theoxyd 
by depriving it of its oxygen and th» metal will be restored to its 
pinre stat^ 

Emily. But mil the carbon, by this process, be burnt, and be 
^converted intoVarbonic acid^ 

Mrs. B. Certainl;^. There are other combustible substtnoes to 
which metals of a high temperature will part with their oxygen. 
They will also yield it to each other, according to their several 
deg^rees of attraction for it ; and if the oxygen ^oes into a more 
dense state in the metals which it enters, than it existed in that which 
it qnits, a proportional disengragement of caloric will take place. 

Caroline. And cannot the oxyds of g^ld, silver, and platina, 
which are formed by means of aeids or of the electric fluid, be re- 
stored to their metallic state f 

Mf». B./tealther nmy, and the interrention of a combustible 
body is nofreqnired ; Aeat alone-will' take the oxygen from them, 
convert it into gas, ana revive the metaij 

Emily. You said that rust was an oxyd of iron ; bow is it, then, 
that water, or merely dampness, produces it, which you know, it 
Tery frequently does on steel grates, or any iron instruments ? 

'(ffiydrogen and oxyg^ may be burned together with the most 
perlbct safety by means of the eon^Mtund hlovhfnpe^ an instmment 
invented by Prof. Hare, of Philadelphia. Instead of mixing the 
gases in the same reservgin they are kept separate until they meet 
at the point of combustion) An account of this blow-pipe is gfiven 
by Prof. Sillimao, in his edmon of Henry's chemistry, together with 
a list of experiments made with it on Tacrioos substances. This was 
the first notice of any experiment made by burning^ the two gases 
together, for the purpose of obtaining aa intense lM»t.— C. 



632. Htno may oxygen and hydrogen be burned together unth 



-*■•^^^ 



What is called reviving a metal f 

634. By what are metals revired ? 

635. What effeot is produced oo the carbon which is uhA to re- 
vive a metal f 

636. Can the ox^ds df the perfect .metals be restored to their 
%inetallic state f 

&6S7. By what means f 
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Jlff*«. B. Vp that case the metal decqmposes the water, or damp- 
ness (which n DotluDg but water in a state of v.apofir^) iind obtains 
the oxygen from it J 

CaroUne, I thoi^ht that it was necessary to bring metals -to a 
rery high temperature to enable them to decompose water. 

Jan. B. It is so, if it is required that the process should be per- 
formed rapidly, and if any considerable quantity is to be decomposed. 
Rust, you, know, is sometimes months in forming, and then it is only 
the surfacenpf the metal that is oxydated. 

Emily, fSfieizlSy then, that do not rust, are incapable of spontane- 
ous oxydaVion, eiU^r bv air or waterj 

Jltr«. B. Yes ; /and this 4s the case with the perfect metals, which 
on that Account, preserve their metallic lustre so wellJ 

Emily. Are sdl metals capable of decomposing water, provided 
their temperature be sufficiently raised ? 

tMrs. B. No; a certain degree of attraction is requisite, besides 
the assistance of beat tWater, you recollect, is composed of oxy- 

Sen and hydrogen ; and, unless the affinity of the metal for oxygen 
e Stronger thanthat ef the hydrogen, it is in vain that we raise its 
iemperature, for it cannot take the oxygen from the hydrogen.^- 
UroHvZinc, tin, ^d antimony^ have a stronger affinity for oxygen 
nian>hydrogen bias, therefore inese four metals are capable of de- 
composing water. But hydrogen, l^vir^ an advantage over all the 
other, metals with respect to its affinity for oxygen, it not only with- 
holds its oxygen from them, bjut is even capable, under certain cir- 
cumstances, of taking the qxygen from the oxyds of these metals. 
M^vdly. 4 confess that I do not quite understand why hydrogen can 
take oxygen from those metals which do not decompose water. 

Caroline. Now I Ihmk I do perfectly. Lead, for instance, will 
not decompose water JCjMsause it has not so stron? an attraction for 
. oxygen as hydrogen hV^ Well, then, suppose the lead to be in a 
state of oxyd ; hydrogen will take the oxyd from the lead, and unite 
with it to form water, because hydrogen has a stronger attraction 
. than o^gen has for lead, apd it is ^e same with all the ottiier .metals 
which do not deoomppse water. 

Emily, I understand your explanation, Caroline, very well ; and 
I imagine that it is because lead cannot decompose water that it is 
so much employed for pipes for conveying that duid.* 

Jdrs. B. Certainly ; lead is, on that accoupt, particularly appro- 
priate to such purposes ; whilst, on the contrary, this metal, if it 
■ was oxydable bv water,, would imp|irt to«it very noxious qualities, 
as, all oxyd§ of lead are more or ie^ pernicious. 



* Lead, is capable of deOomposing water, and when suffered Id 
stand long in a vessel of this meta^jt becomes poisonous. Wh^ 
used merely to convey water, there is but little danger.— C. 



6S8. If rust is,an oxyd of iron, why is it that water or dampne^i 
.causes it? 

639. Do the metals oxydateim being exposed to the. air? 

640. Why will not the perfect metals mst f 

641. What metals are capable of decomposing water? 
,^2. Why cannot all metals decoropope water? 
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But with regard to the oxydation of metals, the most powerful 
mode of effectina^, is by means of acids^ These, you know, con- 
tain a much grea%r proportion of oxygeirtban either air or water; 
and will, most of them, easily yield it to metals. 

Thus, you recollect, the zinc plates of the Voltaic battery areox- 
ydated by the acid and water, much more efiectually than by water 
alone. 

Caroline. And I have often observed that if I drop vinegar, lem- 
on, or any acid on the blade of a knife, or on a pair of scissors, it 
will immediately produce a spot of rust. 

Emily, /Sf etals have, then, three ways of obtaining oxygen ; from 
the atmosphere, from water, and from acidsV 

J^rs, B. The two first you hare already ^witnessed, and I shall 
now show you how metals take the oxygen from an acid. This bot- 
tle contains nitric acid ; I shall pour some of it over this piece of 
copper leaf .... 

Caroline, Oh, what a disagreeable smell ! 

Emily, And what is it that produces the effervescence, and that 
thick yellonuiajsour ? 

JIfr*. Byit is the acid, which, being abandoned by th egreatest 
part of its Vg^ygen^is converted into a weaker acid, which escapes 
m the form of gasA 

Caroline. And ^ence proceeds this heat P 

fNrt, B, Indeed, Caroline, I think you might now be able to an- 
swer that question yourself. 

Caroline, ^rhaps it is that the oxygen enters into the metal in a 
more solid s^te than it existed in the acid, in consequence of which 
caloric is disengaged A 

Mrs, B. If the conflbination of the oxygen and the metal results 
from the union of their opposite electricities, of course caloric must 
be given out. 

Emily. The effervescence is over ; therefore I suppose that tb« 
metal is now oxydated. 

Mrs. B, Yes. But there is another important connexion be- 
tween metals and acids, with which I must now make you ac<raaint- 
cd. Metals, whei^ a state of oxyds^re capable of being dissolv- 
ed Ay acids J In tlfis operation they enter into a chemical gombi- 
nation witMhe acid, and form an entirely new compound. 

Caroline, But what difference is there between the oxydation 
and the dit solution of the metal by an acid ? 

J^r$, B/tn the first case, the metal merely combines with a por- 
tion of ox^en taken from the acid, which is thus partly deoxygen- 
ated, as in the instance jou have just seen ; in the second case the 
metal, after being previously oxydated, is actually dissolved in the 

643. What is the most powerful mode of oiqrdating metals i 

644. From what do metals obtain oxvgen ? 

645. W}ien a metal dissolves in acid, what causes the efferves- 
cence? 

646. To what is the heat owing, when a metal is dissolvedin acid ^ 

647. What state must a metal be in before it can be dissolved by 
an acid ? 

648. How can metal then be dissolved ? 

649. What is the difference between the oxydation and he diss o- 
lution of a metal by an acid f 
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acid, and enters into a chemical combioatioD with it, without pro- 
duciDg- an^ further decomposition or effervescence?! This complete 
combination of an oxyd and an acid forms a peculi&r and important 
class of compound salts. 

Emily. The difference betweeb an oxyd and a compound salt, 
therefore, is very obvious ; nhe one consists of a metal and oxygen ; 
the other of an oxyd and an^cid\ 

Jlfr«. B. Very well ; and you/will be careful to remember that 
the metals are incapable of entering into this combination with acids, 
unless they are previously oxydated ; therefore whenever you bring 
a metal in contact with an acid, it will be first oxydated, and after- 
wards dissolved, provided that there be a sufScient quantity of acid 
for both operations: 

There are some metals, however, whose solution is more easily 
accomplished by diluting the acid in water; and the metal will, io 
this case, be oxydateil, not by the acid, but by the water, which it 
will decompose. /But in proportion as the oxygen of the water ox- 
ydates the surface of the metal, the acid combines with it, washes it 
off and leaves a fresh surface for the oxygen to act upon ; then other 
coats of oxyd are successively formed, and rapidly dissolved by the 
acid, which continues combining witi) the new formed surfaces of 
oxyd till the whole of the metal isdissolvedl During this process the 
hydrogen gasof the water is disengaged,and flies off with effervesence* 

Emily, Was not this the manner in which the sulphuric acid as- 
sisted the iron filings in decomposing water ? 

Mrt. B, Exactly ; and it is thus that several metals, which are 
incapable alone of decomposing water, are enabled to do it by the 
assistance of an acid, which, by continually washing off the covering 
of oxyd, as it is formed, prepares a fresh surface of metal to act upon 
the water. 

Caroline. The acid here seems to act a part not very different 
from that of a scrubbing brush. But pray, would not this be a g^ood 
method of clensing metallic utensils ? 

Mrs. B. Tes ; on some occasions a weak acid, as vinegar, is 
used for cleaning copper. Iron plates, too, are freed from the rust 
on their surface by diluted muriatic acid, previous to their beings 
covered with tin. You must remember, however, that in this mode 
of cleaning metalsahe acid should be quickly afterwards wiped off, 
otherwise it would produce fresh oxyd A 

Caroline. Let us watch the dissolution of the copper in the nitric 
acid : for I am very impatient to see tl/e salt that is to return from 
it. The mixture is now of a beautiful blue color ; but there is oo 
appearance of the formation of a salt ; it seems to be a tedioas ope- 
ration. 

Jlfr«. B. The crystallization of the salt rec^aires some length of 
time to be completed ; if, however, you are so impatient, I can easily 
show you a metallic salt already formed. • 

Caroline. But that would not satisfy my cnriosity half so well as 
one of our own mannfacturing. 

Mrs. B. It is one of our own preparing that I mean to show you. 
When we dteomposed water a few days since, by the oxydatioo of 

650. What is the difference between acompound saltand an oxyd • 

651. Why are acids good in cleaning rust from metals.^ 
€52. What caution is necessary in cleiuiiiog metals by acids ? 
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iron filings through the assistance of sulphuric acid, in what did the 
process consist ? 

Caroline. In proportion as the water yielded its oxygen to the 
iron, the acid combined with the new formed oxyd, and the hydro- 
gen escaped alone. 

J^Irs. B. Very well ; the result, therefore, was a compound salt, 
formed by the combination of sulphuric acid with oxygen of iron. 
It still remains in the vessel in which the experiment was performed. 
Fetch it, and we shall examine it. 

Em'ly. Whai a variety of processes the decomposition of water, 
by a metal and an acid, implies :/1st, the decomposition of the water ; 
2dly, the oxydation of the metal; and 3dly, the formation of a com- 
pound saltr\ 

CarolineJUere it is, Mrs. B. What beautiful green crystals ! But 
we do not perceive any crystals in the solution of copper in nitrous . 
acid. 

Mrs. B. Because the salt is now suspended in the water which the 
nitrous acid contains, and will remain so tiH it is deposited, in con- 
sequence of rest and cooling. 

Emily. I am surprised that a body so opaque as iron can be con- 
verted into such transparent crystals. 

Mrs. B.ni is the union with the acid that produces the transpa- 
rency ; for4f the pure metal were melted, and afterwards permitted 
to cool and crystallize, it would be found just as opaque as beforej 

Emily. 1 do not understand the exact meaning of crydallizationf 

Mrs. B. You recollect that when a solid body is dissolved, either 
by water or caloric, it is. not decomposed : but that its integrant 
parts are only suspended in the solvent. When the solution is made 
in water, the integrant particles of the body will, on the water hein^ 
evaporated, again unite into a solid mass, by the force of their mu- 
tual attraction. But when the body is dissolved by caloric alone, 
nothing more is necessary, in order to make its particles re-unite, 
than to reduce its temperature. And, in general, if the solvent, 
whether water or caloric, be slowly separated by evaporation or by 
cooling, and care taken that the particles be not agitated during 
their re-union, they will arrange themselves in regular masses, each 
individual substance assuming a peculiar form or arrangement ; 
and this is what is called crystallization. 

Emily. Crystallization, therefore, is simply the re-union of the 
particles of a solid body which has been dissolved in a fluid.* 

J\Srs. B. That is a very goodde6nition of it. But I must not for- 
get to observe, that heat^nd water may unite their solvent powers 
and in this case, crystallization may be hastened by cooling, as wel 
as by evaporating the liquid. 

Caroline. But if the body dissolved is of a volatile nature, will it 
not evaponpite with the fluid f 

* Not ei^ac^y, because the particles of the fluid make a part of 
thecrysia). /Crystallization is that process by which the particles 
of bodies unhe to form solids, of certain, ani regular shapes.-pC. 



653. What processes does the decomposition of water by a metal 
and an acid imply ? 

654. What causes crystallized iron to be transparent ? 

a. What is crystalligaHon .^ ' r^^^^i^ 
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Mrs. B, A crystallized body held in solution only by water is 
scarcely ever so volatile as the fluid itself; and care must be taken 
to manage the heat so that it may be sufficient to evaporate the 

water only* >» 

I should not omit also to mention that bodie8(Ki crystallizing from 
their watery solution, always retain a small portion of water, which 
remains confined in the crystal, in a solid forna, and does not re-ap- 
pear unless the body loses its ciystalline stat^ This is called the 
vBOter of cryitaUization. But you must obserf^, that whilst a body 
may be separated from its solution in water or caloric simply by cool- 
ing or by evaporation, an acid can be taken from a metal with which 
it IS combindi only by stronger affinities, which produce a decom- 

^^Emily, Are the perfect metals susceptible of being dissolved and 
converted voio compound salts by acids ? 

J8fr*. 5./&old is acted upon by only one acid, the oxygenated 
muriatie, aVery remarkable acid, which, when it is most concen- 
trated state dissolves gold or any other metal, by burning them 

^^oS can, it is true, be dissolved likewise by a mixture ctf two 
acids, commonly called cuputregia ; but this mixed solvent denvea 
that property from containing the peculiar acid which I have just 
•mentioned. Platinaisalso acted upon by this acid only ; silver is 
dissolved by nitric acid!j . u* u- •« 

Carolinl 1 Chink yo^ said that some of the metals might be so 
strongly oMtdated as t6 become acid ? 

Jtffi.Bi There are five metals, arsenic, molybdean, chrome, 
tungsten, Ihd columbium, which are susceptible of combining witH 
a sufficient quantity of oxygen to be converted into acidsi 

Caroline. Acids are connected with metals in such ar^anety oi 
ways, that lam afraid of some confusion in remembering them, in 
the first place, acids will yield their oxygen to metals. Secondly, 
thev will combine with them in their state of oxyds, to form com- 
pound salts; and lastly, several of the metals are themselves sns- 
ceptible of acidification. ... * « »«:»':!«. 

J\Ar8. B. Very well ; but though metals have so great an affinity 
for acids, it is not with that class of bodies alone that tbeyjnlU^m- 
bine They are most of them, in their simple state, capable of uni- 
ting^ith sulphur, with phosphorus, with carbon, and within 
otheh these combinations, according to the nomenclature whu^ 
was ^plained to you on a former occasion, are c^nea maphwrets^ 

^'^The mttelUc phosphafets offer nothing very remarkable. T%c 
sofphurets form the peculiar kind of mineral cal^ P^'A^^ 
which certain kinds of mineral waters, as those of Harrogate, derive 

655. What is the water of crystallization ? 

656. Are the perfect metals susceptible of being dissolved and 
converted into compound salts by acids ? «„««H*ir of 

657. Can any of the metals combine with so great a quantity or 
oxygen as to become acids ? „ a » ^ 

658. With what other substances besides acids, wiU metals com- 

659. What are Ibe combinations of the metals with each other 
-aUed? 
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{heir chief chemical properties. In this comhiaatioD, the salphur, 
together with tbe iron, have so strong an attraction for oxjgeo, that 
they both obtain it from the air and from water, and by condensing 
it in a solid form, produce the heat which raises the temperature m 
the water in such a remarkable degree. 

Emily. But if pyrites obtain oxygen from water, that water most 
fluffer a decomposition, and hydrogen gas be evolved. 

Mrs. B, That is actuallr tbe case in the hot springs alluded to, 
which give out an extremely fetid gas, composed of hydrogen, im- 
pregnated with sulphur. ^ ^ 

Caroline, If I recollect right/steel and plumbagoTWhich you men- 
tioned in the last lesson, are tAith cartnirets of iroii. 

Mrs. B, Yes '; and they are the only carburets of much conse- 
quence. 

A curious combination of metals has lately very much attracted 
the attention of the scientific world : 1 mean the meteoric stones 
which fall from the atmosphere, ^hey consist principally of native 
or pure iron, which is never founa in that state in the bowels of the 
earth ;* and contain also a small quantity of nickel and chrome, a 
CQiabination likewise new in the mineral kingdom^ ^ 

fThese circumstances have led many scientific f^rsons to believe 
tMt those substances have fallen from tbe moon, or some other 
planet, while others are of opinion either that they are formed in the 



atmospltere, .or are projected iftte it by some unknown volcano on 
tbe surface of our giobej 

Caroline, 1 have heardrnuch of these stones, but I believe many 
people are of opinion that they are formed on the surface of the 
earth, and laugh at their pretended celestial origin. 

Mrs, B, The fact of their falling is io well ascertained, that I 
tbfnk no person who has at all investigated the subject, can now 
entertain an v doubt of it. Specimens of these stones have been dis^ 
corered in all parts of the world, and to each of them some tradition 
or story of its fall has been found connected. And as the analysis of 
idl those specimens afford precisely the same results, there b strong 

* This seems to be a mistsAEe. Several localities of native iron, 
found in reins ar6 pointed out by authors. In several instances 
large blocks df nativie iron have been found on the surface of the 
earth.— One found liyProC Pallas in Siberia, weighed 1600 lbs. 
Another found in South America, is said to wei^h 30,<X)P lbs. &c. 
These haiEe been suspected to be of meteoric origin, though nothing 
it known, whieb'tnafeiBS this certain. Those st«nes jwhich ace known 
b^ond a doubt rto hare fallen from tbe atmosp1iere« ha^e a very dif- 
lerent commition. These generallv •eoatain the following in^re* 
diettt8,'<viz./rroii. fiic^t. chrome^, oxide of iron, sulphur t sUex^ l%me\ 
WMgnesia^iad alumm^ The iron rarely amounts to a quarter of 
thewhole. Accounts aire recorded of the faHinp^ of stones, sulphur, 
&e. in everv age since the Christian era, and m almost every part 
of'theworld.-%. 



660. Which are the most important carburets ? 

661. Of what do the meteoric stones which have attracted so 
jnoch attention from the scientific world, consist? 

662. What opinions have been entertained as to the origin of 
:tbete stonesi H* Digitized by Google 
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reason tp cppjectur^that ^ey all proceed from the same 800TO6. 



Howardihat philosophers are indebted for having^ first 
analysed these stone^ and directed their attention to this interest- 
ing subject. 

Caroiinc But pray, Mrs. B., how can solid masses of iron and 
nickel be ibrraed from the atmosphere, which consists of the two 
airs, nitrogen and oxygen ? 

Jirs. B. 1 really do not see how they could« and think it much 
tnore .probable that they fall from the moon, or some other celestial 
body^— But we must not suffer this digression to take up too much 
of our iime. ^ ^ 

The combinations of metals with each other are caHedTalloysJ 
thusCrass is an sdloy of copper and zinc*V)ronze of copper ancNin,s^ 

Emiy. And is not pewter also a coinLination of mjptal ? 

Jdrs. 8. It is. The pewter made in this countrj/is mo^y com- 
IKwed of tin, with a yery small proportion of zinc and leadj 

Coro/ine^^lock-tin is a kind of pewter, 1 belieye f ^ 

Mrs. B. /Properly speaking, block- tin means tin in blocks, or 
iqoare marai^e ingots ; but in the sense in which it is used by igno- 
rant workmen, it is iron plated with tin, which renders it more dur- 
able,as tin will not so easily rust^ Tin -alone, however, would be too 
soft a metal to be worked lor common use, and all tin yessels wad 
utensils are in fact made of plates of iron, thinly coated with tin, 
which prevents the iron from rusting. 

Caroline. Say rather, oxydating^ Mrs. B.— Rust is a word that 
ought to be exploded in chemistry. v 

Mrs. B. Take care, however, not to introduce the word ozrdate 
instead of rust, in general conversation ; for yon would probably 
not be understood, and you might be suspected of affectation. 
Ciletals differ very much in their affinity for eacb^tber; some 
win not unite at all, others readily combine togetheu and on this 
property of metals the art of soldering depends. 7 

Emily* What is soldering ? 

Jdrs, B, It is joining two pieces of metal together, by a more fu- 
sible metal interposed between them. Thus tin is a solder for lead ; 
iMttss, .gold, or silver, are solder for iron, kc. 

Caroline, And is not plating metals something of the same nature ? 

Jlfr«. B. In the operation of plating, two metals are united, one 
being covered with the otlier, but without the intervention of a 
third 4 iron or copper may thus be covered with gfold or silver. 

Emily. Mercury appears to me of a very diffisr^nt nature from 
the other metals. 

Mrs. B. One of its greatest peculiarities is, that it retains a Huid 
state at the temperaitAire>of thetatmospbere. All jnetals are fusibls 
at different degrees of heart, and they have likewise each the proper* 
tf of freezing or becoming solid at a 4)ertain fixed temperature.—: 



663. Who first analysed these stones ? 

6B4. What are the combinations of metals with eachother oalled ? 

665. Of what is^ brass an alloy ? 

666. Of what is pewter composed ? 
^7. What is block-tin ? 

668. On what does the art of soldering depend ? 
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Mercury congeals only at seyeoty-two degrees below the fireeziog 
point. 

Emily. T|^at is to say, that in order to freeze, it requires a tern* 
perature onseyenty-two d^rees colder than that at which water 
freezesT^ V 

Jdrs/B. Exactly so. 

Caroline. But is the temperature of the atmosphere erer so low 
as that f 

Jdrt, B. Tes, olten in Siberia ; but happily never in this part of 
the globe. Here, however, mercury may be congealed by artifi- 
cial cold ; I moan such intense cold as can be produced by some 
chemic^al mixtures or by the rapid eraporation of «^er under the 
air pump.* 

Caroline. And can mercury be made to boil and evaporate ? 



Jdrs. B. Yes, like any other liquid ; only it jj^^uires a much 

eater C 

eesJitl 

Mmsury combines with gold, silver, tin, and with several other 



- t rgfl 
greater degree of heat At the temperature ofrux hundred de- 
greesjit b^ns to boil and evaporate like water. V 



metals ; and, if mixed with any of them in a-sufl&cient proportion, 
it penetrates the ^lid metal, softens it, loses its own fluidity, and 
formYHn amai^MNiMwhich is the name given to the combinatioB of 
any metal with ■Mfreury, forming a substance more or less solid, 
according as the mevcury or the other metal predominates. 

Emily. In the list of metals there are some whose names I have 
never before heard mentioDed. 

Jiirt, B. Besides those which Sir H. Davy has obtained, there m 
several that have been recently discovered, whose properties are 
yet but Ittde known, as for instanceviitaniuma which was di^over- 
ed by the Rev. Mr. Gregor in the on-mioes m Cornwall ;/colnm- 
bium or tantalium^hich has lately been discovered by Mr^Hatcb- 
ett ;^[id tMDium,«*idium, palladium, and rhodium*^ all of which 
Dr.lV^ellastonand Mr. Tenant found mixed in mimite quantities 
with crude piattaa, aad the distinct existence of which they proved 
bv curious and delicate experiments. Mere recently stiU Frofisssor 
^rzelius has discovered in a pyritic ore, at Fahlun, in Sweden, a 
metallic substance, which he has calle^Selemtimland which has the 
singular peculiarity of assuming the ferm of A yellow gas when 
heated in close ▼ends. In some of its properties this substance 
seems to hold a medium between the cooibustiUes and the metals. 
Ic bears in particular a strong analog to sulphur. 

Caroline. Arsenic has been mentioned amongst the metals, I had 
no notion that it belonged to that class of bodies, for I had never 
seen it but as a powder, and never thought of it but as a most dead- 

J^n. jB. In stflfl^re metallic state^i helieve it is not so poisonous ; 
but it has such a^eat aAnity for ox^o, that it absorbs it from the 
atmosphere «m Hs natural temperature ; you have seen it therefore, 

f By a process analogous to that described, page 81, of this work. 



669. At what temperature will mercury congeal ? 

670. At what temperature will it toil and evaporate ? 

671. What is the combination of a metal with merovrf called f 

672. What metals have been recently discovered f 

673. What is the natural state of arsenic? 
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only IB its state of oxjd, when, from its combinatioQ with •xygeo, 
it has acquired its v:ery poisonous properties. 

(Caroline. Is it possitue that-oxyg^en can impart poisonous quali- 
ties ? That valuable substance which produces light and £re, and 
■which all bodies in nature are so eager to obtain i 

Mrs. B, Mo&t of Uie metallic oxyds are poisonous, and derive 
this ,propert5|1rom their union with oxygenX The white lead, so 
0Mitb used iu^aint, owes its pernicious eSect9 to oxygen. In gen- 
eral, oxygen, m a concrete state, appears to be particularly des- 
tructive mits effects on flesh or any animal matter : and those oxyds 
•re most caustic that have an acrid, burning taste, which proceeds 
from the metaliiaving but a slight affinity for oxygen, and therefore 
easily yieldingto the flesh, which it corrodes and destroys. 

Emily. What is the meaning of the word coufftc, which you 
have just used • ^^ 

Mrt. B. It expresscMbat property which some bodies possets, of 
disorganizing and destroying animal matter, by operating a kind of 
<«orobu8tion, or at least a chemical decompositiooA Tou must oAen 
have heard of caustic used to bum warts, or otM* animal excres- 
cences ; most of these 'bodies owe their destroctif e power to the 
^fnygeO' with which they are combined. The common caustic call- 
'ed lunar eamtie^ is a^eompouod formed by the nnioa of nitric stekl 
and silver ; and it is supposed to owe its caustic qualities to the 
^ucygen contained in the nitric acid. 

Caroline. But, pray, are not acids still more caustic than oxyds, 
as they contain a greater proportion of oxjEgen? 

Jdrs.B. Some of the acids are ; but iiW canstio property of a 
body depends not only npon tbe qoantitjVpf oxy^n which it coo- 
tains, but also upon its slight affinity fiur.tfant principle, and the coo- 
aequent facility with which it yields "it.! 

JEmily. lajAot this destructive propflrty of oxygen aceonnted for ? 

Jlfr<. B. fit proceeds probably fromlhe strong attraction of ox- 
ygen for hymgen ; for if the one rapidly absorb tbe other from the 
animal fibre, a disorganization of tbe substance most e&soeTV 

Emily, Caustics are^ then, very properly said to hwm tfae flesb, 
since thecombination of oxygen and hydrogen it an actual com* 
bastion. 

Caroline. JNfow, I think, this effect would be more properly term- 
^ed an oxydafion, as there is no disenga^ment of light and beat. 

J^rs. 'B. But there really it a sensation of heat produced by tbe 
-action dftcaostics. 

Emily, 'If oxygen is so caustic, why does not that whiofa it con* 
tained in the^tmosphere bum utf 

JUrs. B. ffiecause it is in a gateout ttate, and bat a greater at- 
*traction for Vt electricity than far the hydrogen of our bMiet. Be- 
-^es, sbovld the air be slightly «aattic, we are in a great meatnre 
theltered from its effectt by tbe skin-: yoa ;know how mocha 
wound, however trifling, tmartt on .being oxpoted to iC\ 



674. From what do metalt derive their poitonont propertief ? 
676. What is a caustic ? 

676. On what does the caustic properiy of a body depend ? 

677. How is this destructive property of oxygen accounted for? 
67R. If oxygen is of a caustic tendency, why does not that burn 

^as,'which is contained in the atmosphere ? ^ i 
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Caroline, It is a curious idea, however, that we should live in a 
slow fire. But, if the air was caustic, would it not have an acrid 
taste ? 

JUrs. Bi It possibly mayliave such a taste ; though in so slight 
a degree, that custom has rendered it insensible. 

Caroline. And why is not water caustic f When I dip mjjr hand 
into water, though cold, it ought to burn me from the caustic na- 
ture of its o^gen. 

JIfr*. B, Your hand does not decompose the water ;/tte oxygen 
in that state is much better supplied with hydrog^en tl^n it would 
be by animal matter, and, if its cansticitjr depend on its affinity for 
that principle, it will be very far from quitting its state of water to 
act upon ^our hand. You must not forget that oxyds are caustic 
. in proportion as the oxygen adheres dightly to thenl^ 

Emily. Bince the oxyd of arsenic is poisonous, its acid, I suppose, 
18 fully as much so ? . 

JSlr». B. Yes, it is one of the strongest poisons in nature. 

Emtly, There is a poison ca^d- verdigris, which forms on brass 
and copper when not kept very clean ; and this I have heard, is an 
objection to'these metals being made into kitchen utensils. Is this 
poison likewise occasioned by oxygen ? 

Mtj* B, It is produced by the intervention«of oxygen, for verdi- 
grisiis a compound salt formed by the union of vinegar ancU;op- 
per Kit is a beautiful green colour, and much used in paintinn 

Emily. But, I believe, verdigris is often formed on copperwhen 
no vinegar has been in contact with it. 

Mr». B. Not real verdigris, but other salts, somewhat resembling 
it, may be produced by the action of other acids on copper. 

The solution of copper in nitric acid, if evaporated, affords a salt 
which produces an effect on tin that will surprise you, and I have 
prepared some from the^lution we made before, that I mi^ht show 
it to you. I shall first^rinkle some water on this piece of tin-foil, 
and then some of the salt. — Now observe that I fold it up suddenly, 
and press it into one lamp. 

Carolir^e. What a prodigious vapour issues from it—and sparks 
of fire^I declare ! 

Jtfrir. B. I thought it would surprise you. The effect, however* 
I dare say you could account for, since it is merely the consec^uence 
of the oxygen of the salt rapidly entering into a closer combination 
with the tin. 

There^ also a beautiful green salt too curious to be omitted ; it 
is product by the combination of cobalt with muriatic acid, which 
has the singular property of forming what is called sympathetic irJc^ 
Characters written wtih this solution are invisible when cold, bof 
wlTen a gentle heat is applied, they assume a fine bluish green coU 

Cmrolinej. I think one miglit draw very curious landscapes with 
the assistance of this ink ; I would first make a water-colour draw- 



679. Why is not water caustic ? 

680. What is verdigris ? 

681. What experiment is made with a piece of tin-fi)il and a sola* 
tion of copper to nitric aoic ? 

682. What is called sympathetic ink f 

683. What are the peculiarities of thii ink ? n^^^]^ 
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ing of a winter scene, in which the trees would be leafless, and the 
ffrass scarcely green ; I w;)uld then trace all tlie verdure with tlie 
invisible ink, and whenever I choose to create spring, I should hold 
it before the fire, and its warmth would cover the landscape with a 
rich verdure, 

Jdrs, B. That will be a very amusing experiment, and I advise 
you by all means to try it. 

Before we part, I must introduce to your acquaintance the curi- 
ous metals which Sir H. Davy has recently discovered. The histo- 
rA^ of these extraordinary bodies is yet so much in its infancy that i 
sbaH confine myself to a very short account of them ; it is more 
important to point out to you the vast, and apparently inexhaustible 
field of research which h;i8 been thrown open to our view by Sir H. 
Davy's memorable discoveries, than to enter into a minute account 
of particular bodies or experiments. 

Caroline. But I have heard that these discoveries, however splen- 
did and extraordinary, are not very likely to prove of any great 
benefit to the world, as they are rather objects of curiosity than of 
use. 

Mn. B Such may be the illiberal conclusions of the ignorant 
and narrow-minded ; but those who can duly estimate the advanta- 
,ges of enlarging the sphere of science, must be convinced that the 
acquisition of every new fact, however unconnected it may at first 
appear with practical utility, tnust ultimately prove beneficial to 
mankind. But these remarks are scarcely applicable to the pres- 
ent subject ; for some of the new metals have already proved emin- 
ently useful as chemical agents, and are likely soon to be employed 
in the arts. For the enumeration of these metals, I must refer you 
to our list of simple bodies ; they are derived from the alkalies, the 
earths, and three of the acids, all of which had been hitherto con- 
sidered as undecompoundable, or simple bodies. 

When Sir H. Davy first turned his attention to the effects of the 
Voltaic battery, he tried its power on a variety of compound bodies, 
and gradually brought to light a number of new and interesting 
facts, which led the way to more important discoveries. It would 
be highly interesting to trace his steps in this new department of 
science, but it would lead us too far from our principal object. A 
general view of his most remarkable discoveries is all that 1 can aim 
atu)r that you could, at present, understand. 

ffhe facility with which compound bodies yielded to the Voltaic 
electricity, induced him to make a trial of its effects on substances 
hitherto considered as simple, but which he suspected of being com- 
pound, and his researches were soon crowned with the most com- 
plete succest^ 

The body m\\c\\ he first submitted to the Voltaic battery, and 
which had n^ec^et been decomposed Jwas one of the fixed alkalies 
called potash J rThis substance gave oilt an elastic fluid at the pos- 
itive wire wm<\was ascertains! to be oxygen, and at the negative 
wire, small globules of a very high metallic lustre, very similar ia 



684. What induced Sir H. Davy to try the effects of the Voltaic 
batteryon substances till then considered simple ? 

685. VJThat was the first substance which be submitted to the 
Voltaic battery ? 

686. What was the effect ? rc^c^n\o 
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appearance to tnercorj^^pas provia^ that* potash, which had hith- 
erto been considered a&«\iijnple incombustible body, was in fact, 
a metallic oxyd ; and that its incombustibility proceeded from its 
being- already combined wllh oxygeiX 

Emily, ^suppose the wires used iq^is experiment were of plati- 
na, as they were when you decomposed water; for if of iron, the 
oxyg-en would have been combined with the wire, instead of appear- 
ing in the form of gas. 

J^rs, B, Certainly; the metal however, would equally have 
been disengaged. Sir H. Davy has distinguished this ne^ substance 
by the name offlpoTAssiuM^ which is derived from that of the alkali, 
from which it W procuredf I have some small pieces of it in this 
phial, but you have already seen it, as it is the metal which we 
burnt in contact with sulphur. 

Emily, What b the liquid in which you kefip it ? 

Jtfr«. B, It is/naptha, a bituminous liquid^with which i shall 
hereafter make ymx acquainted. It is almost me only fluid in which 
potassium can be preserved, as it contains no oxygen, and this 
metal has so powerful an attraction for oxygen, that it will not only 
absorb it from the air, but likewise from water, or any body what- 
ever, that contains it 

Emil'^, I'his, then, is one of the bodies that oxy dates spontane- 
ously without the application of heat. ^ 

J^Irs. B, Tes: and it has this remarkable peculiarity, thatm at- 
tracts oxygen much more rapidly from water than from air : s&vthai 
when thrown into water, however cold, it actually bursts into flameV 
1 shall now throw a small piece, about the size of a pin's head, off 
this drop of water. 

Caroline, It instantaneously exploded, producing a little flash of 
light! Thisis, indeed, a most curious substance ! ^ 

Mrs, B.^y its combustion it is re-converted into potash^ and 
as potash isViow decidedly a compound body, I shall not enterinto 
any of its properties till we have completed our review of the sim- 
ple bodies ; but we may here make a few observations on its basis, 
potassium. If this substance is left in contact with air, it rapidly 
returns to the state of potash, with a disengagement of heat, bat 
without any flash of light. 

Emily. But is it not very singular that it should bum better in 
water than in air? 

Caroline, I do not think so ; for if the attraction of potassium 
for oxygen is so strongs ,that it finds no more difliculty in|8eparatiD|^ 
it from the hydrogen m water, than in absorbing it from the air, it 
win no doubt, be more amply and rapidly supplied by water than 
by air. 

JVrt. B, That cannot, however, be precisely the reason, for w^n 
potassium is introduced nnder water, without contact of air Jue 
combustion is not so rapid, and, indeed, in that case there is n^u- 
minons appearance; but a violent action it^es place, mvcb he^ 
is excited, the potash is regenerated and hydrogen gas is evolved j 

637. What did this prove? 

688. What is this new substance called? 

689. What fluid contains no oxygen } 

690. What remarkable peculiarity has potassium? 

691. How mar potassium be recomposed ? 

692. What will be the result if potassium is put under water 
without being in contact with air? r^ T 
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Potassium is so eminently combustible, tbat instead of reqoiringf, 
like other metals, an eleyation>>f temperature, it will^urn rap- 
idly in contact with water, e^enpelow the freezing- point. |This you 
may witness by throwing* a piec^ on this lunp of ice. / 

Caroline. It again exploded with flame, and has made a deep 
bole in the ice. 

JIrs, B. This hole contains a solution of potash : for the alkali 
being extremely soluble, disappears in the water the instant it is 

Itrodnced. Its presence, however, may be easiljr ascertained, alka- 
ies having the properties of changing paper, stained with turmeric^ 
to a red colour; if yon dip one end of this slip of paper into the 
hole in the ice, you will see it change colour ; and the same, if yon 
wet it with the drop of water in which the first piece of potassium 
was burnt. 

Caroline, It. has indeed changed the paper from yellow to red. 

nMrs. B, This metal will bum likewise, in carbonic acid gas, a 
gas thj^ has always been supposed incapable of supporting combus- 
tion,^ we were unacquainted with ainr substance that had a great- 
er aAraction for oxyg^than carbon A Potassmm, however, readi- 
ly decomposes this gasfry absorbing itroxygen, j^s I shall show yon. 
This retort is filled wuh carbonic acid gas. h will put a small 
piece of potassium in it ; but for this combustion a slight elevation 
of temperature is required, for which purpose I shall hold the retort 
over the lamp. * 

Caroline, Now it has taken fire and burns with violence ! )t has 
burst the retort. -^ 

Jdrs. B. Here is a piece o^regenerated potash ijpan you tell me 
why it has become so black ? / 

JEmUy. No doubt it is blackened by the carbon, which, when its 
oxygen entered into combination with the potassium, was deposited 
an it surface. 

Jtfrt. B, Tou are right. This metal is perfectly fluid at the tem- 
peirature of one hundred degrees ; at fifty degrees it is solid, but 
soft and maUeable; at thirty -two degrees it is bard and brittle* and 
its fracture exhit>its an appearance of confused crystallization. It 
is scarcely more than half as heavy as water ; its specific gravity be- 
ing about six, when water is reckoned at ten ; so that this metal k 
actually lighter than any known fluid, even than ether. 

Potassium combines with sulphur and phosphorus, forminr snl- 
phurets and pbosphorets ; it likewise forms alloys with severalmet- 
als, and amalgamates with mercury. 

Emily. But can ia sufficient quantity of potassium be obtained, by 
means of the Voltaic battery, te admit of all its properties and rela- 
tions to other bodies, being satisfactorily ascertained ? 

Jir». B. Not easily ; but I must not neglect to inform you that a 
method of obtaining tnis metal in considerable quantities, has since 
been discovered. Two eminent French chemists, Thenard and 
Gay Lnssac, stimulated by the triumph which Sir H. Davy had ob- 

693. At how low a temperature will potassium bum in contaet 
with water ? 

694. Why, until the discovery of potassium, had carbonic fteid* 
gas been considered incapable of supporting combustion.^ 

695. How does potassium decompose this gas? 

696. What metal is lighter than any known fluidf 
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Uine^, tttempted to separate potassium from its combinattoii with 
oxygen, bjrcoromoo chemical means, and without the aid of elec- 
tricity. /They caused redrhot potash in a state of fusion, to filter 
throB^h ftron iurning^ in an iron tube, heated to whitenessX Their 
expenmeot was •crowned with the most complete succesf i more 
potassium was obtained by a single operation, thap could have been 
collected in many weeks by the most dili^en^t use of the Voltaic 
battery. ^ 

Emtfy. In this experiment. I suppose thetoxyj^en quittedjts com- 
bination with the potassium,/to unite witb the'iroo tnrnin^sl^ 

Mrs. B. Exactly so ; and thus the potassium was obtainea in its 
simple state. From that time itiias become a most convenient and 
powerful instrument of deoxygenation m chemical experiments.— 
This im{>ortant improvement, en|;'rafled on Sir H. Davy's previous 
discoYeries, served bat to add to his glory, since the facts which he 
had estaMished, when possessed only of a few atoms of this curious 
substance,^and the accuracy of his analytical statements were all 
confirmed, .when an opportunity occurred of repeating his experi- 
ments opoa this substance, which can now be obtained in unlimited 
quantities. 

CaroligM. What a satisfaction Sir H. Davy must have felt, when 
by an isi^ort of genius, he succeeded in bringing to light, and actually 
^ving existence to these curious bodies, which without him might 
perhap»bave ever remained concealed from our view ? 

Mr*, B. The next substance whichSir H. Davy submitted to the 
iDflvence of the Voltaic battery, waa^odoi the othej; fixed alkali, 
which yielded to the ^ame powers of decomposition ;Jrom this alkali, 
too, a metallic substance was obtained, very ana^gl^s in its proper- 
ties to that which had been discovered in potash | Sir H. Davy has 
called itflODiuM^ It is rather heavier than potassium, though con- 
8iderabI)Mighter>A)an water ; it is ;iot so easily fusible as potassium. 

Encouraged by these extraordinary results, Sir H. Davy next 
4)erfonned A.aeries of beautiful experiments on AmmoMOy or the vo- 
lalile alkaii, whi^b, from analog5 , he was led to suspect might aJao 
contain oxygen. This be soon ascertained to be the fiust, but h% 
•lias not yet succeeded in obtaining the bap«« "'' ammftnio it. « aa^*^ 
rate state ; it is firatm analogy, and from the i 

alkali has, in its gaseous form, to oxydat< t 

amalgams which can be pjbtained ftfmk amn 
«s, that the proois of alkali being also a mi 

Thus, then, the three alkalies, two of wh 
sidered as simple bodies, have how lost all 
have i«X3ordingly class^ the alkalies a 
whose properties I shall treat of in a future 

Emiiy» What are the other newly discovered metala which yon 
haveaUud^ to in your list of |;imple bodies ? 

697. H<m may potassium be .obtained in larjs^ qnantitiea ? 

698. In the experiment for obtaining potassium, why :did,^he.QIr 
ygen qnit that suDstance ? 

699. What was the o^xt ||ubstance submitted to. the in^e|i(<|^«r 
rthe Voltaic battery ? 

' 700. What was the eibot ? 

701. What is the substance produced , by the d^Q^PPffiionof 
^Sodajp^led? . - 
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Mrt. K They are the metals of the earth which beeame next the 
object o( Sir H. Dary's researches ^rlhese bodies had nerer jet baeo 
decomposed, though they were 8tro%ly suspected, not only of beiof^ 
compounds, but of beingf metallic oxyds. From the circomstaace 
of their incombustibility, it was conjectured, with tome plaosi^ty, 
that they mirbt possibly be bodies that had been already barnt\ 

Caroline. And metals, when oxydated, become, to all appelr- 
ance, a kind of earthy substance. 

Mr». B.fTh^ have, besides, several features of resemblance with 
metallic oftydsl Sir H. Davy had, therefore, great reason to be 
sanguine in hi/expectations of decomposing tl^m., and be was -not 
disappointed. He could not, however, succeed in obtaining the ba- 
sis of the earths in a pure separate state ; but metallic aUoj;s were 
formed with other metals, which sufficient^ly proved the existence 
of the metallic basis of the earths. 

The last class of new metallic bodies which Sir H. Davy discov- 
ered, was obtained from the three undecompounded acids, the bora- 
cic, the fluoric, and the muriatic acids ; but as yon are entirely un- 
acquainted with these bodies, l^hall reserve the account of their 
decomposition, till we come to treat of their properties as acids. 

Thus in the course of two years, l^ the unparalleled exertions of 
a single individual chemical ecience has assumed a new aspect. — 
Bodies have been brought to light^^which the human eye never be* 
fore beheld, and which might have remained eternally concealed 
under their impenetrable disguise. 

It is impossible, at the present peridd, to appreciate, to their HXi 
extent, the consequences which science or the arts may derive fhom 
these discoveries ; we may, however, anticipate the most important 
results. 

In chemical analysis, we are* now in possessioa^f more eneiiget- 
ic agents of decomposition than were ever before known. 

In geology, new views are opened, which will probably operate m 
revolution in that obscure and difficult science. It is already pror- 
e^ that all the earths, and, in fact, the sol^surface of this globe> 
A[re metallic bodies mineralized by exygep^and as our planet has 
Vbeen calculated to he considerably more desee upon the whole then 
it is on the sarface,fit is more reasonable to suppose that the interi- 
orof the earth is cdm posed of a metallic roas^ the surface of whieh 
only has been fiineralized by the atmosphere!) 

The eruptions of volcanoes, those stnpendoini^roblenis of natave* 
admit now of %i easy explanation.* /For if the bewalsof theearlli 
are the grrand recess of these newly discovered inflammable bodies, 
whenever wate| penetrates into them, combustions and explosions 



>Mt is alwayfreasy to form a theory. But an explanation of these 
*< stupendous prablems of nature,** we believe has no^et been de- 
monstrated to ib^atisfaction of all, though great learning and im* 
, > . * J — ■> ■■ 

702. What peculiarities* have the new meUls, discovered by Sir 
H. Davy? 

703. What reason had Sir ; H. Davy for aupposieg the metals 
might be decomposed ? 

704. What are earths supposed to be? 

705. What is juipposed to form tbe prinoiphd int«ipif p%rt ofv enr 
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iMMt take place ; and it is remarkable that the lata whicb is thrown 
oat, is tbe verjr kind of sut^tance which might be expected to re- 
salt from these combostion8| 

I must now take my leav/of you ; we have had a yery loni^ con- 
versation to^y, and I hope you will be able to recollect what you 
hare learnt.' At our next interriew, we shall enter on a new sub- 
ject. 



CONVERSATION XtH. 

ON THB ATTRACTION OF COMPOSITION. 

Jtfr#. B* Haying completed our examination of the simple or el- 
ementary bodies, we are now to proceed to those of a compound 
nature ; but, before we enter on this extensive subject, it will be 
necessary to make jou acquainted with the principal laws by which 
chemical combinations are gfoverned. 

Ton recollect, I hope, what we formerly said of the nature of the 
attraction of composition, or chemical attraction, or affinity, as it 
is also called. ^ 

Emiljf. Yes, I think, perfectly ;nt is the attraction that subsists 
between bodies of a different natuns, which occasions t^m to com- 
bfiire and form a compound, when they come in cootao^ aind Ac- 
cording to Sir H. Davy^s opinion, this effect is prod)A;ed byithe 
attraction of ^opposite electricities, which prevailed in bomesof 
different kindsT^ 

Mrs. B. Vefy well ; your definitibU condprehends the first law 
of chemical attraction, which is, Xh^udtaket plaas orUy between hod-^ 
ittof a differetU natuinlx as, for insta(pe, between an acid and an 
alkali ; between oxyflpin and a metal, &c. ^ 

Caroline, That we understand of course ; forahe attraction be- 
tween particles of a similar nature i« (hat of aggregation, or cohe- 
sion, which is independent of any chemical power.'^ ^ 

Mre, B. The second law of chemical attract iqifvJs, Xh^tnt takes 
place ordy bettoeen the most minute particles of bodies M tberefmre, the 

roense labor has been bestowed on the subject. If the ** easy ex- 
planation'' is founded on the data here proposed, viz. that the solid 
surface of our globe consists of notbnilg except metals and oxygen, 
such a theory in the present state of knowledge, must chiefly con- 
sist of supposition piled on supposition ; there being as yet no proof 
that the crust of tne earth is formed only of these two elements.— 
C. 



706. How are volcanoes accounted fbr ? 

707. What do you understand by the attraction of composition ? 
70S. What cause does Sir H. I>avy assign for the attraction be- 
tween bodies of a different nature ? 

709. What is the first law of chemical attraction ? 

710. What is the attraction between particles of a similar na- 
ture called ? 

711. What the second law of chemical attraction \ 
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more you divide the particles, of tbe bodies to be combioed, the 
more readily they act upon each other. 

Caroline. That is again a circumstance whioh we might have in- 
ferred ; for tbe ^oer the particles, of the two substances are, the 
more easify and perfectly they will come in contact with each other, 
which must greatly facilitate their union. It was for this purpose, 
you said, thai you used iron filiogfs, in preference to wires or pieces 
of iron, for t&e decomposition of water. 

Mrs, B, It was once supposed that no mechanical power could 
divide bodies into panicles sufficiently minute for them to act on 
each other ; and that^ order to produce the extreme division re* 
quisite for a cheimcalabtion, one, if not both of tbe bodies, should 
be in a fluid stat^ There are, however, a few instances in whidi , 
two solid bodief^ery finely pulverized, extiit k ohemieal action on 
one another ;''' but such exceptions to the gieneral rule are very 
rare indeed. 

Emily, In all the combinations that we have hitherto seen, one 
of the cpnstitueuts has, I believe, been either liquid or aeriform.-— 
In combustion, for instance, the oxygen is taken from the atmos- 
phere, in which it existed in a state of ^ ; and whenever we 
have s^en apids combine with metals or with alkalies, they were 
either in a liquid or an aeriform state. ^ 

Mn. B, The third law of chemical attraction is, thairii con Ud^ 
place between hro, three, four^ or even a greater numb^4^ hodietS 

Qarpliru, Oxyds and acids are bodies composed of two constitu- 
ents, but ( recollect no instance of the conu)ination of a greater 
nuinbbr qf principles. 

Jurt. B, /The compound ^alts, formed bjr th^nion of the met- , 
als with acids, are composed of three principles^ And there are 
salts formed by the combination or the alkalies with the earths 
which are of a similar description. 

Clarblinp. Are they of the same kind as the metallic salts ? . 

Mrs. B. Yes ; they are very analogous in their nature, although 
different in many of their properties. 

At methodical nomenclature, sfmilar to that of tbe apids, has been 
adopted for the comppund salts. Each individual salt derives its 
name from its. constituent parts, so that every name implies a 
knawledge of the composition of the salt, 
^he three alkalies, the^lkalinp earths, and the metals, are catled 
s^i^fiable bases or radicals^ and/the acids, scUifying prtndp/e<^ff he 
name, of each salt is comfosed both of that of the acid and tbtfiaKfi- 
able base ; stnd it terminates in at or it according to the degree of the 
oxygenation of the acid. Thus, for instance, all those salts which 
are formed by the combination pf the sulphuric acid with any of the 
salifiable bases, are called sulphate, and the name of the radical is 

*This is the case with muriate of ammonia and quick lime. — C« 

■ — > ii 111 „ ■ 

712. What is necessary in order that chemical action take place 
between different bodies r 

713. What the third law of chemical attraction f 

714. How are compound salts formed ? 

716. What are called salifiable bases or radicals ? 

716. What are called salifying principles ? 

717. How do salts ending m ate differ from those ending in sfs ? 
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idded for the specific distincUoD of the salt ; if it be potash, it will 
compose a sulphat of patath ; ifamrooDia, sulphai of ammonia^ kc. 
Emify, The crystals which we obtaiDcd from the combinatioa of 
iron and sulphuric acid were therefore atUphat of ironS 

Mri. B, Precisely ; and those which we prepared bf dissolving^ 
ooppflp in nitric acid, mtrat of copper^ and so on. But this is not 
all ;w the salt be formed by that class of acids which end in oti#, 
(wlueh joo know indicates a less degree of oxygenation) the termi- 
nation of the name ^ the salt will be in t/, as sulphit qfpotath, iul" 
phii of^ wnmania^ UBk 

Emiiy, .IFhere mint be an immense number of compound salts, 
since there is so great a variety of salifiable radicals, as well as of 
sailing principles. 

JIfrf. B, Their real number cannot be ascertained, since it in- 
creases every day. But we must pot proceed further in the investi- 
gation of the compound salts, until we have completed the exami- 
nation of the nature of the ingredients of which they are composed. 

The fourth law of chemical attraction is, th^fachan^fif temper- 
ahire aiwaye takee place at the moment of combinati^ Imiis arises 
from the extrication of the two electricities in the f<miFbf caloric, 
which always occurs when bodies united and also sometimes in 
part from a change of capacity in the bdflies for heat, which always 
takes place when the combination is attended with an increase of 
density, but moreespeciallv when the compound passes from the li- 
quid to the solid form. I shall now ^how you a strikingrlnstance of 
a change of temperature from chemical union, merelyn»y pouring 
Bope nitrous acid on this small quantity of oil of turpentine, the oil 
Will instantly combine with the oxygen of the acid, and produce a 
considerable change of temperature^ 

Caroline. What a blaze ! The temperature of the oil and the 
acid must be greatly raised, indeed, to procure such a violent com- 
bustion. 

Mn,B. There is, however, a peculiarity in this combustion, 
which is, that the oxygen, instead of being derived from the atmos- 
pheric air alone, is principally supplied by the acid itself. 

Emily. Andare not all combustions instances of the change of 
temperature produced by the chemical combination of two bodies ? 

Jlfr#. B. Undoubtedly ; when oxygen loses its gaseous form, in 
order to combine with a solid body, it becomes condeosedv^nd the 
caloric evolved produces the elevation of temperature. (The spe-* 
cific irravity of bodies is at the same time altered by chemi^kl com- 
bination ; for in consequence of a^obange of capacity for heat a 
cbangeof density must be produced^ ' ^ 

Caroline. That was the case witlrtne sulphuric acid and wateVt 
which, by being mixed together, gave out a great deal of heat, 
and increased in density. 



2'?' ^97^ ^^ *®'^* ending In ic differ from those endine in eii# .' 
Jl^- Whatis the fourth law of chemical attraction? 
720. Prom what does the cbangeof temperature arise ? 
781. What IS an instance of increase of temperature from chem- 
ical unioo r 

T^ Is the specific gravity of bodies affected by chemical oom* 
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Mn, B. The fifth law of chemical altractioii is, thatwte jMropw* 
ties which characterixt bofUetf when teparaUf are alter Jhr dedray* 
ed by their combination^ 

Caroline. Certainly'^^hat, for instance, can be so different firom 
water, as the hydrogen and oxygen gases ? 

tUnUiy, Or what more unlike sulphat of iron* than iron or sul- 
phuric acid? 

Mrt. £l. 'EFory chemical combination is an illustration of this 
fnle. But let us proc o^ ■ 

The sixth law is, t!tiaxbie/oree ff chemical aJginUy between the csn* 
Hiiuenii, t^La kody^ it emmated by that which ie required far theitr 
Mifd^ati(m\ This force is not always proportional to the Acifity 
with #hiclAbdies unite ; for manganese, for instance, which yoa 
kaow, is so much disposed to unite with oxygen, that it is nerer 
foufiid in a metallid state, yields it more easiljr thanjany other metal. 

Ethily, But, Mrs. B.,you speak of estimating the force of attrac- 
tion between bodies, by the force required to separate them; bow 
^ssuDj'ou. measure these forces ? 

Mn, B» Tfae^ cannot be precisely meawred. but they are com- 
paratiFcly ascertained by experiment, and can be represented by 
numbers which express, at least by approximation, the relatire de- 
grees of attraction. ^ 

The serenth law ji. thsAaodiet have amongit ihemaetoes different de- 
greet of atlraelion^Wipon mis law, (which you may hare discoTer- 
ed yourselTes, loifMnce,) the whole science of chemistry depends, 
font is by means of the Tariou» degrees of affinity which bodies 
hare for each other, ^hat all the chemical compositions and decoro- 
posiUc^bsareeffectedj Eyery cheinical fact or experiment is aa 
mstantfd of the samniod ; andnrhenever the decMmipositioo of a 



body is performed by the addition %f any sin|^ new substance, itL 
saidto TO effected by tingle eleetive attraetionr)/6nt it often happens 
that no simple substance will decompose a be^, and that, in order 
to effect tills, you must offer to the compound a body which is itself 
oomposM of two, or sometimes three principles, which would nol» 
each s^panltel^, perform the decomposition. In this case there ar« 
two new compounds formed in consequence of a reciprocal decom- 
position and recomposition. All instances of this kind are called 
dumiie eUeiite ditriudioniS 

Caroline. I confess I db not understand this clearly. 

Jtfrf. J^. You wiU.easiljF comprehend it, by tbeassistanoe of this 
diagram, in whichftbe teciph)cal forees of attrii^tion are represent* 
edby numbersY ^ 

7t3. What is the fifth law of oihfimical aitractioii t . 

724. What is (ne Aixth law of chemical attraicUdn t 

725. What is the seventh law of chemical attraction ? 

726. IJpon what does the whole science of cd^mistty depend f 

727. What is a sitiiple electire sittraction ? 

728. Whatisad4«ble#leeti?«attr8€tioii? 
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Original Conmnrnd. 
Sulphat of Soda. 



Soda 



8 Snlpharic Acid 



Result. 
Nitrat 
of Soda 



7 DiveUmt ^ JlUraeiiinii 6-13 \ - 



Nitric Acid 4 Lime 
Vt 



RenUl. 
Sulpbat 
ofLimtf 



Original Compound. 
Nitrate of Litte. 
, We here BupikM^ that we are to decompose sulphflio/soda; that 
18, to separate the acid from the alkali ; if for this purpose, we add 
tome Ume, in order to make it combine with the acid, we shall fail 
m onr attempt, because the soda and the snlpharic acid attract each 
other by a force which is superior, and, (by way of supposition) is 
r^resented by the number 8 ; while the lime tends to unite with 
this acid by an affinity equal only to the number 6. It is plain 
therefore, that the sulphat of soda will not be decomposed, since a 
force eanal to 8 cannot be orercome by a force equal only to 6. 

Caroline. So far^ this appears rery clear. 

Jtfrf. B, If on the other hand we endearoor to decompose this 
•ah br nitric acid, which tends to combine with soda, we shall be 
equally unsuocessftil, at nitric acid tends to unite with thetdkali by 
a force equal only to 7. ^ 

In neither of these cases of simple electire attraction, therefore, 
out we accomplish our purpose.. Bat let us preriously combine 
tofether the lime and nitric acid, so as to form a nitrate of lime, a 
compound salt, the constituents c^ which are united by a power 
equal to 4. If then we present this compound to the sulphat of so. 
da, a decomposition wiU ensue, because the sum of the forces which 
tend to preserre the two salts in their actual state, is not equal lo 
that of the forces which tend to decompose thcni, and to form new 
oombinationt. The nitric acid, thet«fore« will combine with the 
toda, and the tulphnrio acid with the lime.*^ 

« Suppose WO tay thOs. piie tulnhuric add attracis sodkiwidia 
•troB^er force than it does lime, and toAihas a stronger affinity for 
mOfkurie dtid than it has for nUrit oHd. It » plain then, that nei- 
ther lime nor nitric add ak»e wiU decompose the sulphat of soda. 
Now if we Hdte the nitric acid and lime, we form ndiraie <f tme.-^ 



7t9. What it represented in the diagram? 

790. 7P%alifi(tMliA<4enote<y'(^fiiVee<^.ftoiKdfniMr 
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Carniine. t mi^erstftDd you now T«ry well. This double effect 
tmkes piece becaute the oumbert 8 end 4, which represent the de- 
crees of attraction of the constituents of the two orig^inal salts, make 
a sutn less than the numbers 7 and 6, which represent the degreee 
of attraction of the two new compounds that will in cons^uence 
be formed. 

JUrt. B. Precisely so. 

Caroline, But what is the meaning of qideiceni and divellent for- 
cee, which ajee written in the diagram ? 

Jtfrt. B/h^^^^^^ forces are those which tend to pMserj e com- 
pounds in a state of rest, or such as they actually ara; ^rifellenC 
forces, those which tend to destroy that state of commnation, and 
to form new compoundni 

These are the principn circumstances relatire to the doctrine of 
chemical attractions, which have been laid down as rules by mod- 
em chemists : a few others might be mentioned respecting the 
tame theory, but of less importance, and such as would take us too 
far from our plan. I should however, not omit to mention that Bfr. 
Berthollet, a celebrated French chemist, has questioned the uni- 
form operation of elective attraction, and has advanced the opinion 
mat, in chemical combinations, the changes which take place and 
The proportions in which bodies combine, depend not only upon the 
affinities, but, also, in some degree, on the respectire Qualities of 
the substances concerned, on Uie heat applied during the processt 
and some other circumstancewi 

Caroline, In that case, I suppose, there would hardly be two 
compounds exactly similar, thoueh compose^ of the same materials ? 

Jdrt. B. On the contrary it is found tha^remarkable uniformity 
prevails, as to prcmortions, between theNngredients of bodies oif 
•imilar composition^ Thus water, as you may recollect to have 
seen in a former o^versation, is composed of two volumes of bj- 
drogen g^ to one of oxygen, and this is always found to be precise- 
ly the proportion of its constituents, from whatever source the wa* , 
ter be derived. The same uniformity prevails with re^pird to the 
various salts ; the aCid and alkali, in eacn kind of salt, being always 
found to combine in the same {proportions. Sometimes, it is true, 
the same acid, and the same alkali are capable of making two dis- 
tinct kinds of salts : but in all these cases it is found that one of the 
salts contains just twice, or in some instances, thrice as much acid, 
or alkali, as the other.* 



But the nitric acid has not so strong an nffinity for the lime as it has 
for soda. On mixing the two salts in solution therefore, the nitiic 
Ibcid quits the lime, and combines with the soda. This leaves Iks 
eulphuric acid and the yme free and nnCombined ; th^ then uait* 
and form stilphat of lime^C. 

*^ Thesttident alreadynnderstands, that in chemical combinations 
the union takes place onlj between the particles, or atoms, of sab- 



731. Whut are enies cen t forces ? 
J9t. What are divellent forces ? 

733. yvhat wes the opinion of Berthollet upon chemical combi- 
nations ? "^ 

734. What remarkable nnilbrinitT is found to exist in chemical 
nombtnations ? 
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Emify^ If the pfoportioos io which bodies combine are so con- 
stant and so well denned, bow can Mr. BerthoUet's remark be re- 
conciled with this uniform system of combination ? 

Jlfrt. B. Great as that philosopher's authority is in chemistry, it 
is now ^nerally supposed that his doubts on this subject were^ in a 
^reat degree, grounaless ; and that the exceptions he has obsenred 
m the laws of definite proportions, ba^e been only apparent, and 
may be accounted for consistently with those laws. 

Jsmify, I think I now understand this law of definite proportions 
Tery well, so far as it regards the g^ases, such as oxygen and hydro- 
gen, in the instance ybu have just mentioned ; but m the case of 
acids and alkalies, wben the bodies are either liquid or solid, I do 
not Cbkicieive how their bulks or volumes can be measured in order 
to ascertain the proportion in which the^^ combine. 

JIfr/* ^. Tour question is quite in point ; the fact is, that the law 
of combination by volume^ does not prevail in regard to liquids and 
solids. In these, we must leave the circumstance of bulk entirely 
out of consideration. It is to their wetghi ihzi we must attend, in 
determining the proportions in which they combine ; and, according- 
ly^ if we take the combining substances in a state of perfect purity, 
an<f ascertain with great accuracy, once fbr all, the proportions by> 
weigfU^ in which they unite, we shall find t^atin every other instance 
in which these substances have an opportunity of combining, they 
will unite in the same proportions, ana in no other — unless it be io 
each proportions that one of t^e bodies shall be, in weight, exactly 
double, triple, or quadruple what it was in the former combination. 

stances. These atoms, it is supposed, are indivisible, being the ul* 
tims^te particles of which bodies are oompqsed. In comical eom- 
binations, then, where substances are caj^ble of uniting in only one' 
proportion, this must be atom to atom., ^us oxygen and hydrorea 
unite only in ^e proportions of 109 of the former to 760 of the uit- 
ter by weightj Here an atom^of oxygen unites to an atom of hy- 
dnM^en to foini water ; buwtie atoms of ^xygen are seven and anr 
halL fimes heavier than those of hydi^e^ 

m hen' substances unite in several^roflprtions, the second and 
thn>d are always multiples of the first^ Tbtts 100 parts of man^- 
nese will unite to 14, 28, 42, or 56 of ^xyg^n, but not with any in- 
termediate quantity, as with 12, 2(1, 60, &c. This law of definite' 
proportions, so far as is knoWn, holds rood, where the resulting; 
compound differs widely from either of the substances of which it 
is composed, as in the salts, compound minerals, ^c. The theory 
of definite proportions is explained by supposing that a substance 
which we shall call A., unites with another substance, B., atom to 
atom, and that (his forms a certain compound. When they unite in 
the second proportion, two atoms of B. unite to one of A., and this 
forms another compound, and so on, until the atoms of A. can unite 
to no more of B. — ^C. 



735* In what proportions do oxygen and hydrogen UBite to form 
watef f 

796. How much heavier is oxygen than hydrogen ? 

73^. When acids and alkalies unite in several pn^portions, What 
rebtiott do these proportions bear to each other? 
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Caroline* This requires a good deal of attention to be well nfi* 
derstood ; and I should like to have it illustrated by some particii* 
lar examples of these different combinations. 

Mrs, B, Nothing easier than to satisfy you in this respect. For 
instance, with regard to bulk, nitrogen gas is capable of (jombinit^ 
with oxygen gfas, in different proportions ; thus, one volume of ni- 
trogen, bv combining with one volume of oxygen, forms the sub- 
stance called nitrons gas ; with two volumes of oxygen, it forms 
nitrous acid gas, &c. And with regard to solids* and ]iquids,*the 
proportions of which are estimated by weight, I may mention, as 
an example, the case of the salt called solphat of potash, in whi<iti 
a given weight of potash may combine with two different propor-^ 
tions of sulphuric acid ; but the quantity of acid in one case is ex-' 
activ double what it is in the other. 

JSfmlfy. And pray what can be the cause of this singular unifor- 
mity in the law t)f combination ?' 

Mrs, B. Philosophers have not- been able to give us any decisive* 
information upon this point ; bnt they have attempted to explain it 
in the following manner : since chemical combination takes place 
between the most minute particles of bodies, may we not suppose 
that the smallest particles or portions in which bodies combine, (and 
which we may call chemical atonts,) are capable of uniting together 
ane to one, or sometimes one to two, or one to three, &c., but that 
they cannot combine in any intermediate proportion. 

Emily. But if an atom was broken into two, an intermediate oonf- 
bination would be obtained ? 

Mn, B, Tes ; but the nature of the atom is incompatible with 
the idea of any farther division ; smce the chemical atom is the 
smallest quantity wHioh chemistry can obtain, and such as no me- 
chanic means can possibly subdivide. 

Caroline. And pray, what is the use of all this doctrine of defi- 
nite proportions ? 

Jtfft. J3, It is very Considerable ; for it enables chemists to form 
tables, by which they can see at one glance the composition of all 
the bodies which have been accurately analyzed, and ascertain in 
an instant what quantity of one body will be necessary to decom- 
pose a certain quantity of another ; and, in general, such tables 
serve to present, in one view, the result of any chemical decompo- 
sition, and the quantities of the new compounds formed ; by which 
means, a considerable saving of labor is gained, either in enabling 
us to calculate beforehand the results of any manufacturing opera- 
tions ; or in estimating those obtained in analytical processes. But 
I perceive the subject is becoming rather too intricate for us. We 
roust not run the risk of entering into difficulties which might con- 
fuse your ideas«and throw more obscurity than interest upon tUia 
abstruse part of the' philosophy of chemistry.* 



* This would have been the proper place for mentioning Dr. 
WoUaston's scale of chemical equivalents; bnt the subject has beeit 
thought to imply some considerations not sufficiently elementary for 
tb» purpose of this book. It may, however, be just meiitioiied, that 
the principal object of this scale is to give a tabular view of the 
proportions^ in which the several acid^and bas^ combine in forming 
their respective salts, and likewiser ftf indicate the equivalent com- 
pounds which result from their deeomposition. The great QtUitj of 
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CaroUne, Fray, Mrs. B., can you decompose a salt by means of 
electricity^^ tbe same^ay as we decompose water ? 

Mrs. J3.^Ddoubtedly\ aod 1 am glad this question occurred to 
you, becavBfe it gives me an opportunity of showing you some yery 
interesting experiments on the subject. 

If we dissolve a quantity, however small,^of any salt in a glass of 
water, and if we plunge into it the extremities of tha wires, which 
proceed from the two end&of the Voltaic battery ,Rbe salt will be 
gradually decomposed, the. acidbeing attracted by tib positive, and 
the alkali by the negative wire.^ 

yEmily* ^ut how can you render that decomposition perceptible ? 

Mrs, B. By placing in contact with the extremities of each wire, 
in the solution, pieces of paper stained with certain vegetable co- 
lours, which are altered by the contact of an acid or an alkali. 
Thus this blue vegetable preparation <;alled litiaus, becomes red 
when touched by an acid ; and the juice of , violets becomes green 
by the contact of an alkali. 

But the experiment can be made in a much moredistinct manner, 
by receiving the extremities of the wires into different vessels, so 
that the alkali shall appear in one vessel, and the acid in the other. 

Caroline. But then the Voltaic circle will not be completed ; 
bow can the effect be produced ? 

Mrs. B. You are right ; I ought to have added tbat^tjtie two ves- 
sels must be connected tog^ether by some interposed substance, capa- 
ble of conducting electricity. A piece of moistened cotton wick an- 
swers this purpose very well. You see that the cotton has one ei^ 
,Pig.31. 




of Chenieal dMon^poMtioB hy Um YoHaio'Bktbiay. 

iramersdd in one glass, and the other end in the other, so as to estab- 
lish aHoomroniiicatioQ between aay fluids contained in them. We 

tins scale, and Um peculiar properties wbicb it possesses, though net 
▼ery easily descruiied, may be readily underBtood on inspecting the 
instrument, which should be in the hands of every chemical student. 



738. Can a salt be decomposed by means of electricity ? 

739. When, a salt is decomposed by Galvanism, at which po{a 
..4oes tke aciiM^ppear ? 

7^. iIovW90ldyoH.ezplail&Fig.3l? 
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phalX Dow^t into eac^ of the (flasses a little glanber salt, or snlphat 
of soda, (which coDsists of ,an aciji and alkali,) and then we shall 
fiU-tbe glasses with water, which will dissolve the salt. Let us now 
connect the glasses by means of the wires, (e. d.) with the two ends 
of the battery, thus .... 

Caroline. The wird^ are already giving out small bubbles : is this 
QWtnjg^ to the decomposition of the salt ? 

m't, B. No : these are bubbles produced by the decomposition 
of the water, as you saw in the former experiment. In order ^o 
render the separation of the acid from the alkali, visible, I pour into 
4he glass (a) which is connected with the positive wire, a few drops 
<s( asolutiqn of litmus, which the least quantity of acid turns red ; 
and into4he other rlass, (b) which is connected with the negative 
rwire,i pour a few drops of the' juice of violets .... 

Emily, The blue solution is already turning red aU round the 
^ire. ^^ 

Caroline. And the riolet solution > beginning to turn green, p 
'fThis is indeed very singular ! 

Jtfrt. B. You will be stilljpore astonished when we Tary the ex- 
periment in this manner.-jpThese three glasses (f, g, b,) are, as in 
*" the former instance, 

•> connected together bj 
wetted cotton, but tbie 
middle one alone cop- 
tains a saline solutioq, 
the two others contain- 
ing only distilled water, 
coloured as before by 
vegetable infusions. — 

ry, the alkali will appear in the negative glass, (h,) and the acid in 
the poutive glass (t,) though neither of t&m. contained any saline 
inatterij 

Emi^. So that the acid and alkali must )be conveyed right and 
left from the central elass, into t)»e ot^er glasses, by means of the 
. connecting rooisteneac^ton ? 

JUrt. B. IQxaetly sp ; §jpA yop n^ay render the experiment stiU 
.more strycing^by putting^into thecentral glass (^,) an alkaline soln* 
**' tion, the glauber salt be* 

ingplacd into the ne* 
"gfative glass, (1) and the 
positive ^lass, (i) coo- 
taini^g only water. The 
acid witt^ attracted by 
the positive wire, (m) 
and will actually appear 
;in the vessel (i,) alter 

UiM... ofChMd..! d..o.podtio. b, tu v«itfKlW«^..ES^;itatlo^li) wi!^' 
out combining with it, a]thouri),jrou know, acids and alkalies 
•o much disposed to oombinert But this conversation has alre**^ 
_..^ ^ ^J 

741. How will you explain the experiment illustrated In Fig. 91? 
• .TIf . How will yon explain the experiment muttratedin Fig, 35^ 
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tnoeh exceeded our nsaal limits, and we oannot oalarge more nf* 
on thii interesting subject at present. 



CONVERSATION XIT. 

ON ALKALIES. 

JIfrt, B* Having now giyen you some idea of -the laws by whicV 
chemical attractions are goyemed, we may proceed to the examina- 
tion of bodies which are formed in consequence of these attractions. 

The first class of compoubds that present themselves to our notice, 
in our gradual ascent to the most complicated combinations/ll^ bo- 
dies composed of only two principlesJ^Th^rolphnrets, phos|tboret8, 
carburets, &c. are of this descriptieni buAbe most numerous and 
important of these compounds are thflreombinations of oxygen with 
the Tarious simple substances with which it has a tendency to unite. 
Of these you have already acquired some knowledge, but it will be 
necessary to enter into further particulars respecting the nature and 
properties of those most deserving our notice. Onbis class are tlMi 
ALKALIES and the earths, which we shall successively examine. 

We shall first take a view of t^e aUkalies, of which there are three, 
TiZj^T AgH, SODA, and AMMONIA^ The two first are OBlledJixed ol- 
tenf»,*{Deoause they exist in a »Iid form at the temnejature of the 
atmospmre, and require a great heat to be volatilizeA^ney ^nstst 
89 you already know, of metallic bases combined wit* nygra^ In 
potash, the proportions are about eighty-six psirts of potassim, to 
feurteen of oxygen; and in soda, seventy-seven parte of sodima to 
twenty-three of oxygen. The third alkaiL smmonia, has beea dis- 
tingruished^ur the name oivohHU o/ifca/tJEecanse its natural form is 
tbat of gTMul Its composition is of a ram complicated natore, of 
which we mdl speak nereafter. 

Some of the earths bear so strong a resemblance in their proper* 
ties to the alkalies, thti^ it is difllcult to know under which Wd to 
plabe tiiem. The oelenrated French chemist, Fourcroy, has classed 

* It basidreadv been stated that a third fixed alkali has lately been 
jRsdovered by Mr. Arfvredson, which has been called Nihum, It was 
first found in a Swedish minersd called peUUiU : but has since been 
detected in some other minerals. ThoughHiis alkali resemUes p€>t. 
aidiand soda in its general properties, yet it has decidedly an alkaline 
substance of its own, capable of forming different salts with the acids, 
and having in particular the property of combining with mlich 
gteater proportions of acid thab the other alkfldies. 

743. Wbi^ IS the first cks* of compounds which piesent them- 
selves to our notice? 
744 Which are instances of this description? 
145. What are the alkalies^ 

if46. Why are potash and soda called fixed alkalies ^ 
747* Of what do the flexed alkalies consist ? 
748. Why is ammonia called volatile ? 

10 
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two of them (barytet aod strontites) with the alkalies; but as lime 
and magnesia have almost an eaual title to that rank, I think it bet- 
ter not to separate them, and therefore have adopted the common 
method of classing them with the earths, and of distingpiishing them 
bv^he name of tUfccUine eartht- • 

|The general properties of alkalies are, an acrid burniqg taste, a 
pngent smell, and a caustic action on the skin and flesh^ 

Caroline, I wonder they should be caustic, Mrs. B., nnce they 
contain so liUle oxygen. 

Mn. B, m hatever substance has an affinity for any one of the 
constituentr^f animal matter, suffici^ly powerful to decompose it* 
is entitled to the appellation of causticJ The alkalies, in their pure 
state, havearery strong attraction foi^ater, for hydrogen, and for, 
carbon, which, yon know, are the constituent principles of oil, and it 
is chiefly by absorbing these substances from animal matter that 
^bey enect its decomposition ; for, when diluted with a sufficient 
Quantity of water, or combined with any oily substance, they lose 
tneir causticity. » ^ 

But to return to the general properties of alkalies-^heychanre, 
as we have already seen, thexploor of syrup of violets, nd other blue 
vegetable infusions to greeol and have, in general, a very ^eat 
tendency to unite with acids, although the respective qualities of 
these two classes of bodies form a remarkable contrast. 

We shall examine the result of the combination of acids and alka- 
lies more particularly hereafter. It will be sufficient at present to 
inform you, that^enever acids are brought in contact with alka- 
lies or alkaline eavlhs, they unite with a remarkable eagerness, and 
form? compounds perfectly differentifrom either oQheir ooostituentt : 
these bodies are called neutral or compound Malu\ 

The dr^ white powder which you see in this plind is pujne canitic 
POTASH ; it is verv difficult to preserve it in this state, avit attracts, 
with extreme avidity, the moisture from the atmospber^and if the 
air were not perfecuy excluded, it would, in a rery short time, h% 
actually melteoj 
Emily > It is (nen, I suppose, always found in a liquid state? 
JIfff. B. No; it exists m nature in a great variety of fpraui mad 
combinations, but it is never found in its pure separate state; it k 
combined with carbonic aci<Ljvith which it exists in evenr part of 
the vegetable kingdom, andUs most commonly obtained mm tbs 
aihes of vegetables, which ard the residue that remains after all the 
other parts have been volatilized by combustion^ 

Caroline. But you once said, that after all thoMroIatile parts of a 
vegetable were evaporated, the substance that remained was char- 
coal? 

Jin, B. I am surprised that you should still confound the processes 
of volatilization and combustion. In order to procure charcoal, we 
evaporate such parts as can be reduced to vapour by the operation 

749. What are the general properties of alkalies ? 

750. On what does the caustic property of alkalies depend ? 

751. To what colour do the alkalies chanre the vegetable blues f 
75f . How are neuti^ or compound salts formed ? 

753. What would be the consequence if caustic potash were not 
secluded from the air ? 
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of heat alone ; bnt when we bum the regretahle, we burn the carbon 
alto, and cooTert it into carbonic acid gas. 

CaroUne. That is true; I hope I shall make no more mistakes in 
my favonrite^heory of combustion. 

Jtfrt . Byrbtash derires its name from the paU in which the re- 
getables, from which it was obtained, used formerly to be burnt ; the 
alkali remained mixed with the ashes at the bottom, and was thence 
cidled potasliS 

Emily. Th^ ashes of a wood fire, then, are potash, since they are 
Tegretableaabcs? 

Jifrt. B.Chey always contain more or less potash, bnt are rery 
&r from coKisting^ of that substance alone, as they are a mixture of 
Tarious earths and salts which remain after the combustion of ye- 
getables, ^d from which it is not easy to separate the alkali in its 
pure fon]aJ)Tbe process by which potash is obtained, even in the im- 
perfect state in which it is used in the arts, is much more complica- 
ted than simple combustion. It was once deemed impossible to se- 
parate it entirely from all foreign substances, and it is only in che-. 
mical laboratories that it is to be met with in the state of purity in 
which you find it in this phial. Wood-ashes are, however, valuable 
for the alkali which they contain, and are used for some purposes 
without any further preparation. /Purified in a certain degree, they 
imdce what is commonly called pebrl-ath, which is of gn^eat efficacy 
m taking out grease, in washing linen, &c.; for potash combines rea- 
dily with oil or fat, with which it forms a compound well known to 
you under the name of Moafy 

Caroline, Really ! Then r should think it would be better to wash 
all linen with pearl*ash than with soap, as in the latter case, the al- 
kali being already combined with oil; ma9t be less efficacious in ex- 
tracting grgge. 

Mrt. B, ps effects would be too powerful on fine linen, and 
would injure its texture ; pearl-ash is therefore only used for that 
which is of a strong, coarse kind^ For the same reason, you can- 
not wash your hands with plain 'potash ; but, when mixed with oil 
in the form of soap, it is soft as well as cleansing, and is therefore 
much better adapted to the purpose. 

Caustic potash, as we already observed, acts on the skin, and ani- 
mal fibre, in virtue of its attraction for water and oil, and converts 
all animal matter into a kind of saponaceous )e\\j. 

Emily. Are vegetables the only source from which potash can be 
derived? ^^ 

Mrs. BfNo\ for though far most abundant in vegetables, it is by 
no means^conned to that class of bodies, being found also on the 
surface of the earth, mixed with various minerals, especially with 
earths and stones, whence it is supposed to be conveyed into vege- 
tables by the roots of the plant It is also met with, thougb in very 



764. From what is potash obtained ? 

755. From what is the term pota&h derived ? - 

766. Of what do wood-ashes consist ? 

767. How will soap assist in cleansing clothes froqn gprease or- oil ? 

768. Why may not pearl-ash be vaed for the purpose, without 
being made into soap ? 

7S9. Is potash confined to vegetables ? 
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smtllquaDtHies, in someaiiuiial subelaDces. if^ motftoomiDoo state 
of potash is that of carboncif I suppose you Atterstaud what that is f 

Emily. 1 beliere so ; tbourh I do not recollect that you^ver 
mentiooed the word before. If I am not imstakeo, it raust be worn* 
pound salt, formed by the union of carbonic acid with potasfit^ 

Mrs, B. Very true ; you see how admirably the nomenolofure ef 
modem chemistry is adapted to assist the memory ; when you bear 
the name of a compound, you necessarily learu what are its oonsti* 
tuent parts ; and when you are acquainted wSth -tbeae constituents, 
you can immediately name the compound which they form. 

Caroline. Prat how were bodies arranged and distinguished be- 
fore this nomenclature was tntrodnced ? 

Mrt. B. Chemistry was then amadi more difficuH study; for 
ferery substance had an arbitrary name, which itderiyed from the 
person who discoyered it, as Olaubef^g taUi for instance ; or from 
some other ciponmstance rehlnne to it, though ^quite unconnected 



witb its real nature as potash^ 



these names haye been rerained for some of the simple bodies i 
foras this class is not numerous, and therefore <:an easily be re- 
membered, it has not been thought necessary to change them?^ 

Emily. 7^ I think it would haye rendered the new nomenclfiure 
more complete to haye methodized the names of the elementary, aa 
of the compound bodies, though it could not have been done in the 
same manner. But the names of the simple substances might haye 
indicated their nature, or, at least, some of their principal proper- 
ties ; and if, like the acids and compound salts, all tbe simple bedies 
had asiroilar termination, (hey w6uM haye been immediately kiiown 
as such. So complete and regular a nomenclature would, 1 4bink, 
haye giyen a clearer and more comprehensiye yiew ef ohemislrj 
than the present, which is a medley of (he old and sew terms. 

Jlfrt . B. But you are not aware of the difficulty of introducinr 
into science an entire set of new terms ^ obt^es all teachers and 
professors to go to school again, and if seme of the old names, that 
are least exceptionable, were not left as an intredudbion tothe Aefr 
ones, few people would haye had industry and perseyeranoe enous^ 
to submit to the study of a completely new lanp^age ; and the inie-^ 
rior classes of artists, who can only act from habK and routine, would, 
at least for a time, haye felt material ioconyenienee from a total 
change of their habitual term's^ From these considerations, Layoi- 
sier and his colleagues, who imnted the new nomenclature, thought 
it most prudent to leaye a few links of the old chain, in order to con- 
nect it with the new one. Besides, you may easily conceiye the in- 
conyenience which might arise from giyio^ a regular nomendslure 
to substances, the sim^de nature of wbidi is always uncertain ; for 
the new names might, perhaps, hayeproyed to haye been founded in 



760. What is the most common state of potash? 

761. Whatiscarbonat? 

7et. How were bodies arranged and distinguished before the new 
nomenclature was introduced f 

763. Why haye the old chemical names been retained ? 

764. What inconyenience might arise from fpYW^ a regular no- 
menclature to substances, the nature of which is uncertain ? 
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error. And, indeed, cftntioiM at the inreiitorB of the modem cbe* 
iiik»] lan^i^ hare been, it has already been found necessary to 
modify it in many respects* In those few cases, however, in which 
new terms have been adopted to desig^oate simple bodies, ffiioee 
names hare been so contriral as to iadicate one or the chief proper- 
ties of the body in qnestionj^this is the case with oxygen, wnich, as 
I explained to you, signifies generator of acids ; and hydroren ge- 
nerator of water.* If all the elementary bodies had a similar ter- 
mination, as you propose, it would be necessary to change the name 
of any that mi^ht hereafter be found of a oompouod nature, whiob 
would be very inconvenient in this age of discovery. 

But to return to the alkalie8.-»We shall now try to melt some of 
this caustic potash in a little water, as a circumstance occurs du- 
ring its solution very worthy of observation,— Do you feel the heat 
that is produced? 

CaroliM, Tes, I do ; but is not this directlv contrary to our theo- 
ry of latent heat, according to which heat is disengaged when fluids 
become solid, ^and cold produced when solids are melted? 
' Mri. B. The latter is really the case in all solutions; and if the 
solution of caustic alkalies seems to make an exception to the rule, 
it does not, I believe, form any solid objection to the theory. The 
matter may be explained thus : /when water first comes in contact 
with the potash, it produces an eifoct similar to (he slacking of lime, 
that is, the water is solidified in combining with the potash, and thus 
loses its latent beat ; this is the heat that you now feel, and which is, 
therefore, produced not by the meltin|^of the solid, but by the solidi- 
fication of the fluid. But when there is more water than the potash 
cut abtord and solidify, the latter then yields to the solvent power 
of the water; and if we do not perceive the cold produced by its 
melting, it is because k is eounter-balanced by the beat previously 
disengaged.?^ 

A very reoRirkable proper^ of potash is the formation of glassby 
its ibsion with silicious eairiSQYou are not yet acquainted with this 
last substance, further than>its being in the list of simple bodies. It 
is sufficient, Ibr the present, that you should know that sand and flint 
are chiefly eomposed of it ; alone, it is infusible, but mixed with pot- 

*^ It Bsay here he observed, that even with regard to these two 
bodies, the nosaenclature is beeeme exceptionable, since it is now 
found that oxygen is one of the constituents of alkalies as well as of 
acids, and in partimilar of the muriatic. 

t This defence of the general theory, however plausible, is liable 
to some obvious objections. The phenomenon might, perhaps, be 
better aocoeated for, by supposing that|Cs^ution of alkali in water 
has less capacity for beat than either wWer er alkali in tbeir sepa- 
rate state^\ 



"m. In the few cases where new names have been adop^ to de- 
signate simple substances, how have these names been contrived ? 

166. What interesting circumstance occurs if caustic potash is 
Mlted in water? 

767. How is glass made ? 

908. i fm^ d ie p^tatkitp^ in wafor, wkif it heaj diamgag^df 
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ath, it bmHi when exposed ttt the heaiofafvniaoe»coiiilttiie8 witb 
tbe alkali, aod niDs into gkst. 

CantHtu. Wlio would ever ha?e supposed that tbe aame aubstance 
which coorerti transparent oU into snch an opaque body as soap, 
should transform that opaqne snbstanoe, sano, into transparent 
glass? 

•Mr*. B. The transparenoT^^r opacity of bodies, does not, I con* 
eeive, depend so much on^Aei^ intimate nature, as/Gpon the ar- 
rangement of their particl^ we cannot have a move striking in- 
stance of this, than is afibitled by the different states of carbon, 
which, though it commonly appears in the form of a black, opaque 
body, sometimes assumes tbe most dazzling, transparent form in 
nature, that of diamond, whichi you recollect, is carbon, which 
in all probability, derires its beautiful transparency^om the peco- 
liar arrangement of its particles during their crystafllzatio^ 

JE7oit7y. I never should hare supposed that the IbrmatioiMiif glass 
was so simple a process as you describe it 

JUrt. B, It is oy no means an easjr operation (o make perfect 
glass ; for if tbe sand or flint, from which the silieioas earth is ob- 
tained, be mixed with any metallic particles, or other substance^ 
which cannot be ritrified, the glass will be disodonred, or de&ced* 
by opaque specks. 

CaroMfie. That 1 suppose, is the reason why objects so often ap- 
pear irrcMrular and distorted through a common glass window. 

Mrt, B. This^species of imperfection proceeds, i belieye, from 
another cause. /It is extremely difficult to prevent the lower part 
4if the vessels, in-which tbe materials of glass are Aised, from con- 
taining a more dense vitreous matter than tbe upper, on account ef 
the heavier ingredients fiUling to the bottom^ When this happens, 
it occasions the app^rance of veins or wav« in tbe glass, from tbe 
difference of density in its several parts, which produces an irrtgu- 
lacjefraction of the rays of light which pass through it. 

^nother species of imperfection sometimes arises from the ftism 
notiieing continued for a length of time sufficient to ^MwnHuft the 
two ingrodients completely, or from the due proportion of potasb 
and silex (which are as two to one) not being carefullj observed ; 
the glass, m those cases, will be liable to alteration from the action 
of the air, ef-sahs, and especially of acids which <wiU effect its de- 
composition by combining with the potash, and forming nnmfmind 

Emily. What an extremely useful substance potash is ! , 
Jir§, B./Besides*the fT^'eat importance of potash in the mannfoo- 
tares of gltiaand soap, it is of very considerable utility in many of 
the other arts, and in its combinations with Mver^ aoids, partM»* 
larly the nitric, with which it fonnt saltpetr^ 

769. On what does the opaoitv of bodies depend ? 

770. To what does a diamond owe its traaspaveoey ? 

771. What is the oocasMm of tbe veins or vmres diseererid m 
some glass? 

772. What other imperfection sometimes occurs in the ndyaff eC 
jrlass? 

773. Of what does sakpetre«ooMistl 
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Cmr^lme. Tkem nltp^n tn»tbe t(kiirmt of p^gai^ Batweara 
Bot yet ttcquainted with the nitric aciiK / 

Jirt. B, We sharn therefore defer entering into the particulars of 
tbese combinations till we come to a general review of the compoond 
salts. Jb order to snroid confusioo, it will be tietter at present to 
confine oarselTes to the alkalies. 

Emily. Cannot you show us the change of colour which yon said 
the alkalies produced on blue ▼c^tableuffiisions f 

Mrt.B. res, rery easily, f shall /dip apiece of white paper 
into this syrup of violets, which, youScMS, is of a deep blue, and 
dyes the paper of the same 'oolour. As aoon as it is dry, we shall 
dip it into a solution^ potash, which, *&ough itself colourless, wUI 
torn the paper greem* 

Caroline. So it h0, indeed 1 And do the other alkalies produce ft 
tiailar effect? 

Mrt. 3. Exactly the same.— We nmtj now proceed to soda, 
which, howerer important, will detain us but a rerr short time ; as 
in all its general properties it rery strongiv resemoles potash ; in* 
deed, so great is their similitude, tMt they Irare been long cooibnnd- 
ed, and they can now scarcely be distinguished, except by ^e dif- 
ference of the salts which they fonnwith acidsS ^ 

The ipfeat source of ^is alkali i^nhe sea^wb^, combiMd with 
a peculiar acid, it forms the salt wim wbic^iAhe waters of the ocean 
are so strongly impregnated. 

Emily. Is not that the common table salt ? . 

Mrt. s. The very same ; but again we must postpone enteriag 
into the particulars^^ this interestin|^ Combination, till we treat of 
the neutral salts, rsoda may he obtained from common salt:; but 
the easiest and mok^iaual method of procuring it is by tbe<oombiis- 
tion of marine plants! an operation perfectly analogous to that by 
which potash is dbtamed from regetables. 

Emily. Fjpora what does soda derive its name ? 

Jlfrf . B. prom a plant cadled by as soda, and hj the Arabs kali, 
which affi>ras it in great abuodimoe. Kali kas, indeed, gi?^ its 
name to the alkalies in reneraU 

CoroKm. Does soda form gwss and soap in the same ata im e r aa 
potash ? 

' *^ A Tery pretty cmernaeat oa the change of ooleun may be 
made as follows : Make a tincture, by pouring boiliag water oo fed 
cabbage and letltstaad a while. Put itinto a phiaL The cdoav 
will be purple. Take two wine glasses, and into oae put a few 
drops of sulphuric acid, and into tte other the same ^[aantityef a 
strong solution of potash. 8oltttleofeitherwiUde,thattheglassci 
may be inrerted for a moment Thea pour the tiaolure into each, 
and thetme containing the acid will appear anuNft beautinil red, 
and the other as beautiful a green.— C. 



774. What is the chemical name of saltpcftre f 

726. How may blue TMWtableoolours be turned greea^ 

776. How does^oda diftr from -potash ? 

777. WhiCt4s the neat source oi soda? 

778. How BMT soda be obtained ? 

779. f'lom wbatdoessoda dniveitonama^ 
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Mrt, B. (^esf^ does ; ft tsof eqaal importance in the arts, and it 
eren preferBd tai^tasb for some purposes $ but jou will not be able 
to distiog^sb their properties, till we examine the compound salts 
which they form wim acids ; we tnust therefore leave aoda for the 
present, and proceed to ammonia, or the tq^atile alkali. 

Emify. I long to hear something cf this alkali ; is it not of the 
same nature as hartshorn f 

Jlfrt . B, Tes, it is, as you wMl see b^e-and-bye. This alkali is 
seldopi found in nature in its pure state; it is most commonly eztrac* 
tddmom a<;ompound saltfcalled gcU. amfnoniae^ which was formeriy 
imparted from Ammonia, a region of Lybia, (torn which both these 
salts and the alkali derive their nam^!^ The crystals contained in 
this bottle are specimens of this salt, lAich consist of a oombina* 
tien of ammonia and muriatic acid. ^ ^ 

Caroline, Then it should be callednitirta/ rf amijiomat for though 
I am i^orant what muriatic acid isVyet I know tbatnts combina- 
tion with ammonia cannot ^nt he «oicalled ; and I am surprised to 
•ee sal. ammoniac inscribed on the label. 

JUn^B, That is the name by which it iias been so long known, 
that the modern chemists have not yet «acceeded in banishing it al. 
together ; and it is jrtill sold under ttiat name by druggists, though by 
ecieotific chemists it is more properly called muriat of ammonia. 

CaroUne, Both the popular and common name should be inscribed 
pa labels— this would soon introduce the new nomenclature. 

EmUy. By what means can the ammonia be separated from the 
«nnriatic ac|di 

Jtfrt. B.^y chemical attractions) but this operation is too com* 
l^icated for yen to understand till you are better acquainted with 
the agency of affinities. 

EmUy. And when extracted ^r^m the salt, what kind of snb- 
itance is ammonia? 

JIfri. Blltt natural form, «t the temper^re ot the atmosphere, 
when freetrom combination^ is that of gam and in this state it ia 
'Called ammoniaeal.gat. But^t imixes Teryreadily with water, and 
can be thus obtained in a liquid form*^ 

Ckurolme, ¥ou said that ammonia -^was more complicated in its 
composition than the other alkalies ; pray of what principles does 
itxionsist? 

Mn. B, It was discorered a few years siiice,by Berthollet, a cd- 
«brated French chemist, that it consisted of about one poirt of hydro- 
gen to four parts of nitrogen. Having heated ammoniacal gas nn- 
der a receiver, by causing the electneal spark to pass repeatedly 
through it, he found that it incrrased considerably m i>nlk, lost aU 
Its alkaline properties, and was aetnallj <:onv€«ied mto hydrogen and 
jnHrogen gases ; and Arom the latest and most accurate experimenU 



780. Can glass andeeap be formed ^nemeeda as wellas from potash? 

781. From what does ammonia derive its name ? 

782. From what is it mostiy obtained? 

783. Whatisthepropercihemical name of this <v«latile alkali? 

784. How can ammonia be separated horn ranriatic acid ? 
786. How IS ammoniacd gas obUined ? 

2S" S?^ '^^ form does it appear irlieB now? 
'Vr. ur •what principles does ammoota eoniist f 
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the proportiooB appear to beJSBe volume of nitrog^en gas, to ihree 
of oxygen fqs!\ \ 

Caroline. /Ammotki^ theretore, has not, like the two other alkar 
lies, a metallic oasisX 

J^lrs, B, It is believed that it has, though it is extremely difScult 
to reconcile that idea with what I ha?e just stated of its chemical 
nature. But the fact is, that although this supposed metallic basis 
of ammonia has never been obtained distinct and separate, yet both 
Professor Berzelius, of Stockholm, and Sir H. Davy, have «uc- 
oeeded in foirming a combination of mercury with the basis of am- 
monia which has* so much the appearance of an amalgam, that it 
strongly corroborates the idea of ammonia having a metallic basis.i 
But these theoretics^ points are full of difficulties and doubts, ana 
it would be useless to dwell any longer upon them. ^^ 

Let us therefore return to the properties of volatile alkali. ^!m- 
moniacal g^ is considerably lighter than oxygen gas, and Smly 
about half the weight of atmospherical airS It possesses most of thie 
properties of the oxed alkalies ; but cannot be of so much use in 
the arts on account of its volatile nature. It is, therefore, never 
employed in the manufacture of glas^ but it forms soap with oils 
equally as well as potash and soda ^^iF resembles them likewise in 
its strong attraction for water ; ^oir which reason it 4>an be .collected 
in « receiver o^r mercury only^ 

Carolme, 1 do not understauiktbis. 

•A/ri. B. Do you recollect the method wAiich was used to collect 
igases in a glass fecetver over water? 

Caroline. Perfectly. 

Mrs. B. ^mmoniacalgas has so stronr a tendency to unite with 
water, that instead of passinr through that fluid, it w^uld be in- 
stantaneously absorbed by iu We can therefore neither use water 
for that purpose nor any otlier liquid of which water is a compo- 
neat part ; so that in order to collect this gas, we are obliged to 
have recourse to mepoury, (a liquid which has no action upon it^ 
and a mercurial bath is used inst^ of a water bath, such as we 
employed on former occasions, ^ater impregnated with this ^as 
is nothine more than the fluid wmch you mentioned at the begin- 
am^ of uie conversation — hartshorn ; it is the ammoniacal gas es- 
caping from the water which gives it so powerful a smelCt 

♦ It ought to h^ydrogen gat-V-C. 

f This amalgam is easily obtained, by placing a globule of mer- 
cury upon a piece of raunat, or carbonat of aramonia, and electri- 
fying this globule by the Voltaic battery. The globule instantly 
begins to expand to threeor four times its former size, and becomes • 
ranch less fluid, though without losing its metallic lustre, a change 
which is ascribed to the metallic ba^is of ammenia uniting with 
themercurjT. This is an extremely eurious experiment. 

X To obtain ammoniacal gas, mix together equal parts of inuriate 
of ammonia, and dry burnt Time ; after pulverizing eaeh separately, 

788. Has ammonia a metallic basis ? 

789. What is the specific gravity of ammoniacal g^asf 

790. How does ammonia resemble potash and seda ? 

79 1 . Why cannot ammonia be collected in a receiver ever water ? 

792. Whatisbartohom? 
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Emily. But there is do appearance of effervescence in hartshorn. 

Mrs. B. Because the particles of g^s that rise from the water 
are too subtle'and minute for their effect to be visible. 

(water diminishes in density, by being impregnated with ammoni- 
^actd gas ; and this augmentation of bulk increases its capacity for 
caloricV 

EmUff. In making hartshorn, then, or impregnating water, with 
ammonia, beat must be absorbed and cold produced ? 

jkrs, B. That effect would take place if it was not counteracted 
by another circumstance ; the gas is liquefied by incorporating 
with the watelir, and gives out its latent heat. The condensation of 
the g^s more than counterbalances the expansion of the water-— 
therefore, upon the whole, heat is produced. But if you dissolve 
ammoniacal gaa with ice or snow, cold is produced. — Can you ao- 
count for Jpb^t ? 

Emily, \r\ie g^as in being condensed into a b'quid, must give out 
heat; ano^^ on the other hand, ^he snow or ice in being rarefied 
into a liauid, must absorb heat^ so that between the opposite ef- 
fects, 1 should have supposed tke original temperature would have 
been preserved. 

J\£r8. B, But you have forgotten to take into the account the 

rarefaction of the water, (or melted ice,] bv the impregnation of the 

' ^ gasXand this is the cause of the cold which is ultimately produced. 

Caroline, Is the sai volatile (the smell of which so strongly re- 
sembles hajdshorn) likewise a preparation of ammonia ? 
- Mn. Brnfii is carbonat of ammonia dissolved in water ; and which 
in its concrete state, is commonly called salts of hartshorn.^ Am- 
monia is caustic, like the fixed alkalies, as you ma3r judge^y the 
pungent effects of hartshorn, which cannot be taken internally, nor 
applied to delicate external parts, without being plentifully diluted 

rub them together in a mortar ; put them into a retort, and apply 
the heat of a lamp. Or, the common soirit of sal ammoniac may he 
heated in a retort in the same way. m> collect and retain the g^ 
without a mercurial bath, fix a receive or bottle in an inverted 
position, and connect to the retort a tube, which introduce up into 
the .receiver, so that it nearly reaches the bottom. As the g^ 
comes over, its levity is such, that it fills the upper part of the re- 
ceiver first, gradually driving out the air, and taking its place*^To 
keep il for any considerable time, the receiver must be stopped J A 
pretty experiment may be made by introducing uprinto the recjSver 
with the ammonia, some muricUic gat. Both gases are invisible 
until they are brought together, when they unite, forming a dense 
' ^hite cloudy and fall down in the solid form of muriate of ammonia. 
The muriatic g^as is obtained by pouring sulphuric acid on common 
salt, and applying the heat of a lamp. It may be sent up into the 
receiver in the way above described, or ammonia. — C. 

793. What change is produced on water by l>eing impregnated 
with ammoniacal g^ ? 

794. Why is cold produced if ammoniacal g^as is dissolved with 
snow or ice i 

795. HwD can ammonieai gat be retained for experimentt unthout a 
mereurtal bath ? ^ 

79d* What is sal volatile ? 
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with water.— Oil and acids are rery excellent anfidotes for alkaline 
poisons ; can you g^ess why ? 

Caroline. rerfaapSj/Cecanse the oil combines with alkali, and 
forms soap, and tbns destroys its caustic properties : and the acid 
converts it into a componnd salt^hicb, 1 suppose, is not so pemi-* 
cions as canstic alkali. / 

Jlfri. B. Precisely so. 

Aromoniacal gas, if it be mixed with atmospherical air, and a 
burning taper repeatedly plunged into it, will bum with a large 
flame of a peculiar yellow colour. 

Emiljf. But, pray, tell me, can ammonia be procured from this 
Lybian salt only ? 

•Mrs. B. So Jnr from it, that it is contained in, and may be ex- 
tracted from/tOl animal substances whatevei) (Hydrogen and 
nitrogen are mo of the chief constituents of anin^ matteK: it is 
therefore not surprising that they should occasionally meet and 
combine in those proportions that compose ammonia. But this 
alkali is more frequently generated by the spontaneous decomposi- 
tion of animal substances ; the hydrogen and nitroren gases that 
arise from putrefied bodies combine and form the rolatile alkali. 

Muriat of ammonia, instead of being exclusively brought from 
Lybia, as it originally was, is now chiefly prepared in Europe, by 
chemical processes. Ammonia, although principally extracted 
from this salt^can also be produced by a great variety of other 
substances. /The horns of cattle, especially those of deer, yield it 
in abundance^ and it is from this circumstance that a solution of 
ammonia in water has been called hartshorn!^ It may likewise b* 
procured from wool, flesh, and bones ; in a Word, any animal sub- 
stance whatever, yields it by decomposition/ 

We shall now lay aside tlie alkalies, however imi>ortant the sub- 
ject may be, till we treat of tbeir combination with acids. The 
next time we meet, we shall examine the earths. . 



CONVERSATIOll XT. 

OH XASTH8. 

Jlfrt. B.Cjhe BAHTHs, which we are to-day to examine, are nine 
in number! . >* 

^ /siLxx, stbohtitxs,* 

* There ia less evidence that these four earths are composed of 
metallic bases than there is in the case of ammonia, which it will be 



797. Why are oils and acids |;ood antidotes for alkaline poisons ? 
796. Froofewhat can ammonia be procured? 

799. What are the chief constituents of anknal matter r 

800. Why has a solution of ammonia in water been called harts- 
horn? 

801. How many earths are there i 
803. What are their names? 
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ALUBnMB, TTTRIA, 

BARTTE8,* OLUCINA,^ 

LIMB,*" ZIBCONIAA 
MAONXSIA, ^ 

The last three are of late discovery ; their properties are Init 
imperfectly known ; and as they have not yet been applied to use, 
it will be QDoecessary to enter into any particulars respecdpg then. 
We shadl confine our remarks, therefore, to the first five. Q^hejr are 
composed, fu you, have already learnt, of a metallic basis con^biued 
with oxygen^i and from this circumstance are ineombustiblea 

CorWtne.^et 1 nfecve seen turf burnt in the country, and itinakee 
an excellent fire ; the earth becomes red hot, and produces a very 
great quanti|y of heat. 

Mr* B*w\^ not the earth that bums, my dear, but the roots, 
grass, and other remnants of vegetables that are intermixed with it. 
The caloric, which is produced -kv Jbe combustion of these sub- 
stances, ma^es the earth red hou And this being a bad conductor 
of heat, retains its caloric a long time ; and were you to examine 
it when cool, you would find that it haid not absorbed one particle 
of oxygen, nor sufibred any alteration fromthe fireJ Earth is, how- 
ever, from the oiroumstance just mentioned, an OEoellent radiator 
of heat, and owes its utility, when mixed with fuel, solely to that 
property. It is in this point of view that Count Rumford has re- 
commended balls of incombustible substances to be arrange in fire 
places, and mixed with the coris. by which means the caloric db- 
engaeed by the combustion of the latter is more perfectly reflected 
into uie room, and an expense of fiiel is saved. 

EmXLy* 1 expected that the lists of earths would be much more 
considerable. When I think of the imrnense variety of soils, I am 
astonished that there is not a greater number of earths to form them. 
^ Mn, B. Yon might, indeed, almoit confine that number to foer; 
rnr barytes, strontites, and the others of late discovery, act but to 
imall a part in this gpreat theatre^ that they cannot be reckoned at 
essential to the general formation of the |^lobeA And you must not 
oonfine your idea of earths to the formaticn ofwul ; for rock, maiw. 
ble, chalk, slate, suid, flint, and all kinds of stones, from the pre- 
caous jewels to the commoDMtpebfato ; ia a word, all the immense 

remembered, was supposed to have formed an amalgam with me^ 
cnry, and on this account was supposed to have had a metalUo ba- 
ais* Of the other earths no one except Dr. Clarice, of Cambridge, 
£ng., has pretended to ofier any but conjectural evidence of their 
metallic nature. This gentleman, on subjecting them to the heaX of 
the blow-pipe, charred with oxv^n and hydrogen, was led to be- 
lieve he had obtained their metallic bases. But as his experiments 
have been repeated at the Royal Institution withont success, it is 
now understood that the Dr. must have been mistaken.— C. 



803. Of what are the earths composed ? 

804. Why are the earths incombustible ? 

805. Why then t» turf used for fuel in some countries? 

806. Why is the earth a good radiator of heat f 

807. What is said of bary tea and strontites, as constituting a pert 
of the globe I — » • r- 
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variety of raioeral products, may be referred to some of these 
earths, either in a simple state, or combined the one with the other, 
or blended with other ingredients. 

Caro/m«yPreciou8 stooesVxjm posed of earth ! That seems very 
difficult to c^ceive. ^ 

Emily. Is it more extraordinary than that the most precious of 
all jewels, diamond, should be composed of carbon ? But diamond 
forms an exception, Mrs. B. ; for, though ^ stone, it is not com- 
posed of earth. 

Mrs. B. I did not specify the exception, as I knew you were sa 
well acquainted with it. Besides, I would call a diamond a mineral 
rather than a stone, as the latter term always implies the presence 
of some earth. 

Caroline, I cannot conceive how such coarse materials can be 
converted into such beautiful productions. 

JJfrjr. B. We arej^ery far from understanding all the secret re- 
sources of nature ;(but 1 do not think the spontaneous formation of 
the crystals, whichVe call precious stones, one of the most di&cult 
pbenomena to co^preheodl 

By the slow and regularwork of ages, perhaps of hundreds of 
a^es. these earths may be. gradually dissolved by water, and 28 
gradually deposited by their solvent m the undisturbed proce^, of 
crystallization. The regular arrangement of their particles, during 
their re-union in a solid mass, gives them that brilliancy, transpa- 
rency, and beauty, for which they are so much admired ; and ren- 
ders them in appearance so totally different from their rude and 
primitive ingredients. 

Caroline, But bow does it happen that they are spontaneously 
dissolved, and afterwards crystallized f 

Jirs. B. The scarcity of many kinds of crystals, as rubies, eme- 
ralds, topazes, &c.,^ows that their formation is not an operation 
▼ery easily carried ob in nature! But cannot you imagme/nTat 
when water holding in solution^ some particles of earth filters 
through the crevices of hills or mountains, and at length dripples 
into some cavern, each successive drotp m?ij. be slowiv evaporat^, 
leaving behind it the particle of earib which it held in solntionf 
You koow that erystallizaticm is more re^lar and perfect, in prg^ 
portion as the evaporation ,of the solvent is^slow and upiforro ; na- 
t^re* therefore, who Imows no limit of ti|XKe» has, in all works of tliis 
kind, an infinite advantage over any artiBt who attempts to. imitate 
snob productions. 

Emily, I can now conceive that the arrangtepieot of the particles 
ci earth dnripg crystalUxalMn, may be ^och asi to occasion transpa- 
Deocy, by admitting a free passage totherav&of Ifght; botlcan- 
oot nnderiBtaod why orystaUiaed earths should assume such beauti- 
ful cc^Qrs as iiK>st of (hero 4o. Sapphire, for instance, is of a ce- 
lestial blue ; ruby, a deep red ; topaz, a brilliant yellow ? 



308. What vaMmbleteJbttettoe do the ^rtbt compose? 

809. Is it deemed difficalt to anderstand the spontaneoof forma- 
tion of crystal? 

810. what does the scarcity of many kin<U of crystals ahow ? 
81 1 • How may it be supposed that Ibey ,ar« formed ? 

17 
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Jlfr«. B. Nothing is more simple than to suppose that pe ar- 
raDgeinent of their particles, is such^ as to transmit someVof the 
coloured, rays of light, and. to reflect others, io which case the stone 
must appear of thi colour of the rays which it reflects. But be- 
sides, it frequently happens that ihe colour of a stone is owing to 
a mixture of some metallic matterTS^ 

Caroline. Pray, are the differenfTiinds of precious stones 'each 
composed of One individual earth, or are they formed of a combina- 
tion of se?eral earths ? 

Mts. B. A great variety of materials enters into the composition 
of most of them ; not only several earths, but sometimes salts and 
metals. The earths, however, in their simple state, frequently 
form very beautiful crystals ; and, indeed, it is in that stale only 
that they can be obtained perfectly pure. 

Emily. Is not ihe/Derby shire spaKproduced by the crystalliza- 
tion of earths, in theSfay you have jAt explained ? I have been in 
some of the subterraneous caverns where it is found, which are 
similar to those you have described. 

Mrs. B. Yes ; but this spar is a very imperfect specimen- of 
crystallization \* it consists of a variety of ingredients confusedly 
blended together, as you may judgQ by its opacity, and by the 
various colours and appearances which it exhibits. 

But, in examining the earths in their most perfect and agreeable 
form, we must not lose sight of that stale in which they are com- 
monly found, and which, if less pleasing to the eye, is far more in- 
teresting by its utility. , 

All the earths are mora^or less endowed with alkaline proper- 
ties ; but there are four,^ar^ea^ magnesia, lime, and strontites, 
which are called alkaline ^^^AS^^ecause they possess those quali- 
ties in so great a degree, as to entitle them, in most respects, to the 
rank of alkaliesS They combine and form compound salts with 
acids, in the samor way as alkalies ; they are, like them, susceptible 
of a considerable degree of causticity, and are acted t]pon in a simi- 
lar manner by chemical tests. — ^The remaining earths, silex and 
alumine, with one or two others of late discovery, are in some de- 
gree more earthy, that is to say, they possess nujre completely the 
properties common to all the earths, which areQnsipidity, dryness, 
unalterableness in the fire, infusibility, &c^ 

' Caroline. Yet, did you not tell us thaVsilex, or siliceous earth, * 
when mixed with an alkali, was fusible, and run into glass ? 

J^rs. B. Yes, my dear ; but the cbcuracteristio properties of earths, 

"^^le Derbyshire spar is composed of lime ^ndjluoria ficid ; hence 
il is^alled /W^e of lime. The colours are owing to intermixture 
with metallic oxides. It is a very beautiful mineral, and instead of 
being opaque, it is generally translucent, or nearly transparentV-C. 

812. Whence may it be supposed they receive their beautiful 
colours ? 

813. What is an instance of simple earths io a state of crystal- 
lization ? 

814. JVhat is the eompasition i^ Derbyshite tptwf 

815. What are alkaline earths ? 

816. Whyaretheysocalted? 

8 1 7. What properties are common to all earths ? 
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which I have meDtiooed, are to be considered as belongio^ to them 
in a state of purity only ; a state in which they are very seldom to 
be met with in nature. Besides these p^enerai properties, each earth 
has its own specific characters, by which it is distinguished from 
anv other substance. Let us, therefore, review them separately. 
rbii.EX,,or SILICA, aboupds in flint, sand, sand-stone, agate, jas- 
per, &c. ; it forms the basis of many precious stones, and partica- 
iarly of those which strike fire wiih'stee® It is rough to the touch, 
scratches and wears away metals ; it h acted upon by no acid but 
the fluoric, and it is not soluble in water by any known proqess; but 
nature certainly dissolves it by means with which we are unac- 
quainted, and t{ws produces a variety of siliceous crystals, and 
Sixnongst these, &ock erj/stcuS which is the purest specimen of this 
earth. Silex appears to hanre been intended by Providence to form 
the solid basis of the globe, to senre as the foundation for the origi- 
nal mountains, and give them that hardness and durability "which 
has enabled them to resist the various revolutions which the surface 
of the earth has successively undergone. From these mountains 
silicious rocks have, during the course of ages, been gradually -^e-* 
tached by torrents of water, and brought down in fragments ; tnes6, 
in the violence and rapidity of their descent, are sometimes crum- 
bled to sand, and in this state form the beds of rivers and of the sea, 
chiefly composed of siliceous materials. Sometimes the fragments 
are broken without being pulverized by their fall, and assume the 
form of pebbles, which gradually become rounded and polished. 

Emily, P'^si^* what is the true colour of silez, which forms such a 
variety of difl^rent coloured substances ? Sand is brown, flint is 
nearly black, and precious stones are of all colours. 

Jdrs.^, Pure silex, such as is found only in the chemist's labo- 
ratory ^^ perfectly white, and the various colours which it assumes 
in the different substances you have just mentioned, proceed from 
the different ingredients with which it is mixed in therm 

Caroline. ,1 wonder that silex is not more valuable, siAce it forms 
the basis of so many precious stones.* 

Mrs. B, You must not forget that the value we set upon precious 
stones dependsnn a great measure upon the scarcity with which 
nature affords tnbiM for, were those productions either common or 
perfectly imitable Jl^ art, they would no longer, notwithstanding 
their beauty, be so highly esteemed. But the real value of siiifieous 
earth in many of the most useful arts, is very extensive, ^ixed 
with clay, it forms the basis of all the various kinds of earthern 
ware, from the most common utensils to the most refined ornaments) 

Emitt/. And we must recollect its importance in the formation of 
glass with potash, 

Mrs. B. Nor should we omit to mention, likewise, many other 

* The bases of some of the moat costly gems, as sapphire, ruby, 
and topaz, are alumine. — C. 



818. In what is silex chiefly found ? 

819. What is the purest specimen of silex ? 
8^. What is the colour of silex ^ 

821. Upon what does the value of precious stones depend ? 
822* For what important uses is silex chiefly valuably f 



Digitized byV^OOQlC 



106 AXintlNB. 

important uses of silez, such as being the chief ingpredient of soiD^ 
of the most durable cements, of mortar, &c. 

r said before that^liceous earth combined with no acid but the 
fluoric ; it is for tbis^eason that glass is liable to be attacked by 
that acid onlj, which, from its strong affinity to silex, forces that 
^ubstanqe from its combination with the potash, and thus destroys 
the glassj 

We shifll now hasten to proceed to the other earths, for I am ra- 
ther apprehensive of your growing weary of this part of our subject. 

Caroline. 1 confess that the history of the earths is not quite do 
entertaming as that of the simple substances. 

Mr», B. Perhaps not ; but it is absolu^ly indispensable that you 
should know something of them ; for {hey form the basis of so 
many interesting and important compouods, that their total omis- 
sion would Jthrow great obscurity on oiir general outline of chemi- 
tjal 8cience\ We shall, however, review them in as cursory a 
mapper as ibe subject can admit of. 

^Slumint derives its name from a compound salt called alum^ of 
wnich it forms the basis!! 

Caroline. But it ought to be just the contrary, Mrs. B. ; the sirta- 
ple body should give, instep of taking, its name from the compound. 

Mrs. B, That is true ; wut as the compound salt was known long 
"before its basis was discoVered, it was very natural that when the 
earth was at length separated from the acid, it should derive its 
4iame from the compound from which it was obtained. However* 
to remove your scruples, we will call the salt according to the new 
nomenclature, rulphat of alumine^ From this combination, alu- 
roine may be obtained in its pure>^tate ; it is then soft to the touch, 
makes a paste with water, and hardens in the fire. /Tn nature it is 
found chiefly in clay, which contains a considerable proportion of 
this earth ; it is very abundant in fullers' earth, slate, and a variety 
of other mineral productions^ There is indeed scarcebLany mine- 
ral substance more useful tj/mankind than alumine. lln the state 
of clay, it forms large strata of the earthi gives coosisfbncy to (he 
soil of valleys, and of all low and damp spots, such as swamps and 
marshes. The beds of lakes, ponds, and springs, are almost en- 
tirely of clay ; instead of allowing of the filtration of water, as sand 
does, it forms an impenetrable bottom, and by this means water is 
accumulated in the caverns of the earth, producing those reservdirs 
whence springs issue, and spout out at the surface. 

Emily. I always thought that these subterraneous reservoirs of 
water were bedded by some hard stone, or rock, which the water 
tsould not penetrate. 

Mrs. B. That is not the case ; for in the course of time water 
^ould penetrate, or wear away silex, or any other kind of stone, 
while it is efiectually stopped by clay, or alumine. 

The solid compact soils such as are fit for com, owe their consist- 



8^3. How, and why does the fluoric acid destroy glass f 

fi24. Why is it necessary to understand the nature of the earths ? 

8i5. From what does alumine derive its name ? 

o»S' f^**** »8 the sulphat of alumine .' 

oir T ^^^^ '^ alumine chiefly found ? 

828. In what kind of sbil does it occur most abundantly ? 
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eace in a great measure to alumine ;/(&i9 earth is therefore used to 
improve sandy or chalkjr soils, which oo not retain a sufficient quan- 
tity of water for the purpose of vegetation) -, 

Alumine is the most essential ingredienjTin all potteries, (u en- 
ters into the composition of brick, as well as that of the finest pbrce- 
lain : the additiou of silex and water hardens it, renders it suscept- 
ible of a degree of yitriiicatioo, and makes it j^erfecily fit for its 
various purposesN 

Caroline. I c^ scarcely conceive that brick and china should 
be made of the same m&terials. 

Mrs. B. Brick consists almost entirely of baked clay ; but a cer- 
tain proportion of silex is essential to the formation of earthen or 
stone ware. In the common potteries sand is used for that purpose ; 
a more pure silex is,* I belii»ve, necessary for tiie composition of 
porcelain, as well as a finer kind of clay ; and these niateriab are, 
no doubt, more earefully prepared, and curiously wrought, in the 
one case than in the other. Porcelain owes its beautiful semi* 
transparencyVtQ a commencement of vitrification^ 

Emily- BuNbe commonest eaKhenware, thougn not transparent, 
is covered with a kind of glazing. 

Mrs. B. That precaution is equally necessary for use as for beaa- 
ty, as the ware'would be liable to be spoiled and corroded by a va- 
riety of substances, if not covered with a coating of this kind. In 
porcelain it consists of enamel, which is a fine white opaque glass, 
formed of metallic oxyds, sandSyMilts, and such other materials as 
are suseeptible of vitrification. ^!Tie glaring of common earthen* 
ware is made chiefly of oxyd of lead, or sometimes merely of sa't, 
irhich, when thinly spread o¥er earthen vessels, will, at a certain 
beat, run mto opaque glasA 

Caroline. And of what nAture are the colours which are used for 
painting pofcelain f ^ 

Mrt. B.fvYkey are all composed of metallic oxyds ; so that these 
colours, instead of receiving injury from the application of fire, are 
strengthened and developed by its acUon, which causes them to 
undergo different degrees of oxvdatiou 

Alumine and silex are not only oftejl combined by art, but they 
bare in nature a very strong tendency to unite, and are found com- 
bined, in different proportions, in various gems and other minerals* 
Indeed,many of the precious stones, such as ruby, oriental sapphire* 
amelbyst^f w. consist chiefly of alumine. 

We may now proceed to the alkaline earths. I shall say butaGaw 
words-on Barttss, as it is hardly ever used, except in chemics^ 

'p ■■ > 

* Porcelain clay, of which china ware is made, is found among 
g^nite roc^s, and seems to owe its ori^n to the decomposition of a 
mineral tmdXei^feldfpar. Its composition is silex and alumine, si- 
lex 'being the predominant ingredient.— C. 
' f The amethyst is almost entirely composed of silex.—C. 

829. What is tbe.use of alumine for purposes of vegetation ? 

890. What is tbeiise of it in works of art ? 

631. TofVhat is the transparency of porcelain owing .> 

832. Of what is the glazing of common earthen- ware made ? 

833. What is the naiure of the colours which are used for pak^ 
ipg BDrcelaip .' 
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laboratories. \t is remarkable for its great weight, and its stroDg 
alkaline properties, such as destroying animal substances, turaing 
green some bhie vegetable cdlours, and showing a powerful attrsic- 
tton for acids ; this last property it possesses to sui^h a degree, par- 
ticularly with regard to the sulphuric acid, that it will always de- 
tect its presence in any substance or combination whatever, bvjm- 
mediately uniting with it, and forming a solphat of baryte^ /This 
renders it a very valuable chemical tes^, m is found pretty abutf- 
dantly in nature in the state of carbona^* from which the pure 
«arth can be easily separated) 

The next earth we have toxonsider is Lime. This is a substance 
of too great and general importance to be passed over so lightly ai 
the last. 

Lime is strongly alkaline. In nature it is not met with in its 
simple state/Us its affinity for water and carbonic acid is so great 
that it is alf^ys found combined with these substances, with which 
it forms the common lime-stonSjc but it is separated in the kiln from 
these ingredients, which are vmatilized whenever a sufficient de- 
tgree of lieat is applied. 

Emily^xxre lime, then, is nothing but lime-stone, which has been 
4eprivcd, m the kiln, of its water and carbonic acid^ 

Mrt. B. Precisely : in this state il is called quick-wney and^ is so 
caustic, that it is capable of decomposing the dead bodies of animak 
v«ry rapidly, without their undergoing the process of putrefactiooS 
I have here some quick-lime, which is kept carefully corked up iinr 
bottle to prevent the access of air ; for^re it all exposed to the at- 
mosphere, it would ab^rb both moisture and carbonic acid gas from 
it, and be soon slakedlj Here is also some lime stone—we shall 
pour a little water on tfach^ and observe the effects that result from 
it. 

Carcdine* How the quick-lime hisses ! It is become excessively 
hot !-/rt swells, and now it bursts and crumbles to powder, while 
the water appears to produce no kind of alteration on the lioae- 
stone.] ^ 

MtL B. fljecanse the lime-stone is already saturated with water, 
whilst the qbicklime, which has been deprived of it in the kHo, 
combines with it with very great avidity, and produces- this prodi- 
gious disengagement of heat\the cause of which I formerly ex- 
plained to you ; do you recollect it ? 

Emily, Yes; you said i^a^xMk^ heat did not proceed from theliaio 

* The native carhonai of barytes is a rare mineral. It is a viru- 
lent poison. The ntlphat of barytes is found in considerable abim- 
dance.— C. 

...; 1 ^ "I ' . ' . ' ' 

834. For what is barytes remarkable? 

835. For what is it valuable ? 

836. Where is it abundantly found ? 

837. What is the reason that lime is not found in its simple state? 

838. How does lime-stone differ from pure lime? 

839. What effect will quick-lime have upon the dead bodies of 
animals ? 

840. What effect does the air produce on quick-lime f 

84 1 . What effect has water on it ? / 

842. Why iviH not water have an effect on lime^stone as well M 
upon quick-liine ? 
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bat from the water which was tolidifiedi^ and thus ^rted with its 
heat of liquidity! 

Mra. B. Verf well. If we continae to add successiye quantities 
of water to the lime, after being siaked and crumbled, as yon see, 
it will then gradually be diffused in the water, till it will at length 
be dissolved in it, andentirely disaft^ear ; but for this purpose it 
requires no less tbanJ^OO times its weight of water! This solution 
is called lime water.'^ J 

Caroling, How very small, then, is the proportion of lime dissoU 
ved ! j^ 

Mra.B, rBarytes is also of very difficult solution ; but it is much 
more soluAe in the state of crystalsA The liquid contained in this 
bottle is lime-water: it is often usee as a medicine, chiefly, X be- 
lieve, for the purpose of combining with and neutralizing tiie super- 
abundant acid which it meets with in the stomach. 

Emily » 1 am surprised th^t it is so perfectly clear : it does not 
at all partake of the whiteness'of the lime. . 

Jlfri. B. ilave yoy forgotten that, in soIutionSf/The solid body it 
so minutely subdivided by the fluid as to becomte invisible, and 
therefore, wHl not, in the least degree impair the transparency of 
the solven!j^ ^^ v 

I said tb&t the attraction oflimenor carbonic acidJwas so strongs 
that it would absorb it from the atmosphere. We m/y see this effect 
A6y exposing a glassof lime-water to the air ; the lime will then se- 
parate from the water, combine with the carbonic acid, and re ap- 
pear on the surface in the form ^ a white film, which is carbonat 
of lime, commonlv called chalkA 

Caroline, Chalk is, then, a c<fm pound salt ! I never slioilld have 
supposed that those immense beds of chalk, that we see in many 
parts of the country were a salt. Now the white film begins to ap- 
pear on the surface of the water : but it is far from resembling hard 
solid chalk. 

J^rs.B. That i^ owing to its state of extreme division : in a lit- 
tle time it will collect into a more compact mass, and subside at the 
bottom of the glais. 

If you breathe into lime-water/fbe carbonic acid, whi<^ is mixed 
with the air that you expire, will produce the same effectij It is an 
experiment very easily made :— ?! shall pour some lime-Fater into 
this glass tube, and, by bi'eathing repeatedly into it, you will soon 
perceive a precipittftion of chalk. 

*fvq make lime-water, take a piece of well burned lime, about 
theVze of a hen's egg, put it into an earthen dish, and sprinkle wa- 
ter on it, till it falls into powder : Then pour on two quarts of boil- 
ing water, and stir it several times, af^r the lime has settled ; pour 
off the clear water and cork it for use.- '^ 



s, after the li 
use.VC. 

len w^ter is ( 



843. Why is heat disengaged when w^ter is put upon quick-lime? 

844. How much 'Water does it take to dissolve lime? 

845. Is Barytes easily dissolve^ in water ? 

846. Why does not lime-water partake of the whiteness of lime ? 

847. For what has lime a very strong attraction ? 

348. Why does a white film collect on the surface of lime^wat^r 
on beinf? exposed to the air ? 
^49. Why will lime-w|tter turn white if you breathe into it ? 
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Emily. I see already a smaH white cloud formed. 

Mrs, B. It 18 composed of minute particles of chalk ; at present 
itfl fta ts in the water, but it will soon subside 
^Carbonat of limeAor'cbalf,k,jou see, is insoluble in water, since 
tke lime which wa&iGissolved reappears when converted into chalk; 
bu^ou must take notice of a very singular circumstance, whijjh 
is/Sat chalk is soluble in water impregnated with carbonic acioT) 

\aroline. It is very curious, indeed, that carbonic acid and gas 
.should render lime soluble in one instance, and insoluble in the 
other ! 

J^rt, B. I have here a bottle of Seltzer water, which you know, 
is strongly impre^natt^d with carbonic acid i let us pour a little of 
it into a glass of Ume water. You see thatat immediately forms a 
precipitation of carbonat of lime^ ^ 

Emily. Yes, ^ white cloud appears. 

Mra.B. I shall now pour an additional quantity of the Seltzer 
water j'nto the lime waiter..-^ 

Emtly. How singular ! The cloud is re-dissolved, and the liquid 
is again transparent. 

Mfs/6. >\11 the mystery depends upon this circumstance, that 
carbonat of lime is soluble in carbonic acid, whilst it is insoluble ia 
water; the first quantity of carbonic acid, thei>efore,'which 1 intro- 
duced into the lime water, was employed in forming the carbonat 
of lime, which remained visible, until an additional quantity of car- 
bonic acid dissolved it. Thus, you see, when the lime and carbonic 
'acid are in proper proportions to form chalk, the white cloud ap- 
pears ; ^ut when the acid predominates, the chalk ds no sooner 
formed than it is dissolved. 

Caroline. That is now the case ; but let us try whether a further 
addition of lime-water will agiin precipitate the chalk. 

Emily. It does, indeed ! The cloud re-appears, Uscause, I sup- 
pose, 'there is now no more of the carbonic acid than is necessary 
to form chalk; and, in order to dissolve the chalk, a superabun- 
dance of acid is required. 

Mrs. B. iVe have. I think, carried this experiment far enough; 
every >epetition would but exhibit the same appearance. 

Lime cbmbihes with most of the acids, to which the carbonic (as 
beMig the weakest) readily yields it ; but these usombinations we 
shall have^an opportunity of noticing mere particularly hereafter. 
It unites with phosphoru8^n4j^fh sulphur, in their simple state; 
in short, of all the earthmimels that which nature employs most 
fre<^uently, and most abundauAy, in its innumerablecombinations. 
It is the basis of all calcareous earths and atdnes ; we find it like- 
wise in the animal and vegetable cr^tionb. 

Emily. And in the arts is not liine of very great utility ? ^ 

JUrs. jB. Scarcely any substance more so ; you know thatflt is a 

850. What is the chemical name of chalk ? 

851. JFhat 18 thtproceu of making lime-tDdter? 

852. How may chalk be dissolveid ? 

85a What will be the result if Seltzer water be poured into 
lime-water ? 
654 What is the basis of all calcareous earths and stones? 
ii55. Of what use is lime in the arts ? 
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most essential requisite in building, as it constitates the basis of all 
t^ments, such as mortar, stucco, plaster, &^ ^ 

Lime is atso of infinite importance in agridfutu re ;/it lightens and 

nsedtt 



great a proportion of cla^ But it would be endless \o enumerate 
the various purposes for wmich it is employed ; and you know enough 
of it to form some idea of its importance ; we shall therefore, now 
proceed to the third alkaline earth, magnesia. 

CaroCtne. I am already pretty well acquainted with that earth ; 
it is a medicine. 

Mrs. B, It is in the state of carbonat that magnesia is usually 
employed medicinally; it then differs but little in appearance from 
its simple form, which is that of/fvery fine light white powdey It 
dissolves in 2000 times its weighVof water, but forms with acicll ex- 
tremely soluble salts. It has not so great an attraction for acids 
as lime, and consequently yields them to the latter. It is found in 
a great variety of mineral combinations, such as slate, mica, ami- 
anthus; and more particularly in a certain lime-stone, which has 
been di&povered by Mr. Tenant to contain it in very great quan- 
tities, nt does not attract and solidify waten like lime ; but when 
mixed with water afni exposed to the atmosfhere, it slowly absorbs 
carbonic acid from the latter, and thus loses its causticity. Its chief 
use in medicine is, like that of lime, derived from/ils readiness to 
combine with, and neutralize, the acid which it meets with in the 
stomach!\ . . ■ - v 

Emiivl Yet, you said that it was taken/m the state of carbona|) 
in which case, it has already combined wnb an acid ? 

Mn, B. Yes ; but the carbonic is the last qf all the acids in the 
order of affinities ; it will therefore yield the magnesia to any of the 
others. It is, however, frequently taken in its caustic state as a rem- 
edy for flatulence. Combined with sulphuric acid, magn^ia forfns 
another and more powerful medicine commonly called fipsom stUA 

Caroline, And properly, sulpkat of magnesia^ I suppose .'' Pray; 
how did it obtain the name of Epsom salt ? 

•Mn, B. ^ecause there is a spring in the neighborhood of Epdom 
which contains this salt in great abundanceN 

The last alkaline earth whieh we have to mention is strontian, 
or STRONTiTBs, discovcred by Dr. Hope a few years ago. It so 
strongly resembles baryte^n its properties, and is so sparingly 
found in nature, and of so flittle use in the arts^ thart it will not be 
necessary to enter into any particulars respecting it. i6ne of this re- 
markable characteristic properties of strontites is,^ that its salts, 
when dissolved in spirit of wine, tinge the flame a deep red, or 
blood coloT.^ 

856. Of what use is lime in agriculture ? 

857. What is the simple form of magnesia f 
868. Does it attract water f 

859. What is its chief use in medicine ? 

860. In what state is it used in medicine f 

861. What does it form combined with sulphuric acid ? 

862. Why is the sulpbat of magnesia called Epsom salt f 
663. Is strontian of any use ? 

864. What is one of the i<emarkable properties of strontites ^ 
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CONVERSATION XVI. 

ON ACIDS. 

Mrs, B. We may now proceed to the acids. Of the metallic 
ozyds, you have already acquired some g-eneral notions. This sub- 
ject though highly interesting in i^ details, is not of sufficient im- 
portance to our concise view of chemistry, to be particularly treated 
of; but it is absolutely necessary that you should be better acquaint- 
ed with the acids, and likewise with their combinations with the 
alkdlies, which form the triple com poeinds, called neutral salts. 
p^his class of acids is characterized by very distinct properties. 
Tney all change blue vegetable infusions to a red color ; they are 
more or less sour to the taste; and have a general tendency to 
combine with the earths, alkalies and metallic ozyds. ] 

You have, I believe, a clear idea of the nomenclaftire by whicli 
^e bas^(or radical) of the acid, and the various degrees of acidifi« 
Wtion, are expressed ? 

Emily. Yes, 1 think so /ine acid is distinguished bjr the name of 
its base, andjis degree of oxydation, that is, the quantity of oxygen 
it contains^my the termination of that name in ous or ic ; thus, sul- 
phureous flRrid, is that formed from the smallest proportion of oxygen 
combined with sulphur ; sulphuric acid is that which results from 
the combination of sulphur with the greatest quantity of oxyge^ 

J^rs, B. A still greater latitude may, in many cases, be allowed 
to the proportions of oxygen that can be combined with acidifiable 
radicals ;por several gf these radicals are susceptible of uniting 
with a qifantity of oxygen so small as to be insufficient to give them 
the properties of acidQ in these cases, therefore, they are convert- 
ed into oxyds. Such is sulphur, which, by/exposure to the atmos- 
phere with a degree of heat inadequate tcr^produce inflammation, 
absorbs a small proportion of oxygen, which colors it red or browni 
This, therefore, may be considered as the first degree of oxygena/ 
tion of sulphur ; the 2d converts it into sulphurnow* acid ; the 3d 
into the sulphuric acid ; and 4thl^, if it was found capable of com- 
bining jpth a still larger proportion of oxygen, it would then be 
teuneduiiperoxT/genateayulpkuric acid, 

Emil^. Are t^ese various degrees of oxygenation common to all 
the acids ? 

Mra, B, ^o^ they vary much in this respect ; some are suscep- 
tible of onl^one jje^ree of oxygenation : others of two or three ; 
there are but very few that will admit of more. 



865. What is an acid? 

866. How are acids distinguished ? 

867. What is meant by the radical of an acid ? 

868. What substance npites to the radical to/orm an acid? 

869. How does the language of chemistry distinguish the stronger 
from the weaker acid ? 

870. What term is used to denot^.the first degree of oxygenation ? 

871. When a radical unites with another proportion of oxygen 
after that denoted by ie^ what term is Vaed ? 

872. Are all acids susceptible of thQ 9ame degrpe of oxygenation ? 
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Caroline. The modern nomenclature must be of immense ad- 
vantage in pointings out so easily the nature of the acids, and their 
various degrees of oygenation. 

Mrs, B. Till lately many of the acids had not been decomposed ; 
but analogpy afforded so strong a proof of their compound nature, 
that I could never reconcile myself to classing them with the sim- 
ple bodies, though this division has been adopted by several chem- 
ical writers. At present the murialic and the fluoric, are the only 
acids which have not had their bases distinctly separated. 

Caroline. We have heard of a great variety of acids ; Pray how 
many are there in all ? 

Mrs, B. \ believe there are reckoned at present^irty-four) and 
their number is constantly increasing as the sciencl improves; but 
the most important, and those to which we shall almost entirely 
confine our attention, are but few. I shall, however, give you a 
general view o( the whole ; and then we shall more particularly ex- 
amine those that are the most essential, 
^rhis class of bodies was formerly divided into mineral, vegetable 
aW animal acids, according to the substances from which they 
were commonly obtaineJl 

Caroline, That, I should think, must have been an excellent ar- 
rangement j why was it altered ? 

Mrs, jB.mecause, in many cases it produced confusion^ In which 
class, for iMtance, would you place carbonic acid ? X 

Caroline, Now I perceive the difficulty. I should be at a loss 
where to place it, as you have told us that it exists in the animal, 
vegetable and mineral kingdoms. , 

Emily, There would be the same objection with respect to phos- 
phoric, which (hough obtained chiefly from bones, can also, you 
said, be found in small quantities in stones, and likewise in some 
plants. . 

Mn. B. You see, therefore, the propriety of changing this mode 
of classification. These objections do not exist in the present no- 
menclature ; for the composition and nature of each individual acid 
is in some degree pointed out, instead of the class of bodies from 
which it is extracted ; and, with regard to the more general divi- 
sion of acids, they are classed under these ibree head?^ 

First, Acids of known or supposed simp& bases, which are form- 
ed by th^oion of these bases with ogcygen^ They are the follow- 
in? : J 



873. How many acids are there ? 

874. How t^'ere acids formerly divided ? 

875. What objection was there to this division ? 

976. Under how many general heads or divisioda are acid* at 
presentjplaced ? 
877. What kind of atids make the first class ? 
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• Acids of knowD and simple bases. 



20i ACIUS. 

Hihe Sulphuric 
^ Carbonic 
Nitric 
Photphorie 
Artcnicfll 
Tungttenie 
Moljfbdenic 
Boracic 
Fluoric 

Jtfma/A J 

This class cemprcbeDds the most anciently known and most im- 
portant acids. /The sulphuric, nitric, and muriatic^were formerly, 
and are ^ill frequently called mineral acids. ^ 

2d!y. ^Acids. that have double or binary radicals, and which con- 
sequently consist of tripljB co;^binations\ These are the TegetahlqL 
acids, whose common radicalis a compouiga of hydrogen and carbonT) 
Caroline. But if the basisW all the vegetable acids be the same 
it should form but one acid ; it may inde^ combine with different 
proportions of oxygen, but the nature of the acid mast be the same. 
Mrs. B. The only difference that exists in the bases of vegetable 
acids/ls the various proportions of hydrojgen and carbon from 
whicfr'they are severally compose^ But this is enough to produce 
a number of acids apparently very dissimilar. That they do not 
however, differ essentially, is proved by their susceptibility of being 
conyerted into each other, by the addition or subtraction of a por- 
tion of hydrogen of carbon. The names of these ^cids are, 
Thejdcetic 
/Dxalic 
^^artarotu 
CHric 
MaHc 
OalHe 
Mucous 
Benaoie 
Suceime 
Camphoric 
^ Suberic\ J 
fTfae Sd class of acids consist of those whioli km triple miioalf, 
strittmre therefore of a still more compoiriid attnreJ Ttei diM oom- 
pr^bends the animal acids, which are, ^ 

^The Lactic 
'^ Prussic 
Formic 
BomJbic 
Sebaeic 
^ooni^ 
Liihic\ 



Acids of doable bases, being of vegetable origin/ 



» Acids, of triple b»ief, or i^inml ^idi; 



878. What are their names ? 

879. What ones of this class are called mitMrai acids f 

880. What ones make the second divisioD.' 

881. What is the common radical of vegetable acids f 
88S. What is the difference in the bases of vegetable aoidt ? 



883. 

884. What ones make 

885. Name the acids with triple radicalt ' 



What are the nanes of the ve^^table ao&s ? 
le the third division of acids? 
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I have i^veD you this summary account or enumeration of jthe 
acids, as you may find it mo-e satisfactory to have at once an out- 
line or a general notion of the extent of the subject : but we shall 
now confine ourselves to the first class, which requires our more 
immediate attention ; and defer the few remarks which we shall 
have to make on the others, till we treatof the chemistry of the ani- 
mal and vegetable kingdoms- 

The acids of simple and knospn radicals are in most instances ca- 
pable of being dwiomposed ^y combustible bodies, to which they 
yield their o&yge^ If, for iiWance, I pour a drop of sulphuric acid 
on this piece of irni, it will produce a spot of Tust ; you know what 
it is ? 

Caroline. Yes; it is an oxydj/ornoe^l hy the ojcygenof the acid 
combining with the iron. ,^ 

•Mr9. B. In this case you seaKhe sulphur deposits the oxygen by 
which it was acidified on the nmlalj And again, if we pour some 
acid on a compound combustible suogtance, (we shall try it on this 
piece of wood) it will combine with one or more of the constituents 
of that substance, and occasion a decomposition. 

Emily, It has changed the cc lour of the wood to l)lack. How ia 
that? ^ , ., 

J\ir8. B. /The oxygen deposited by the acid has burnt it ^ you 
know that wood in burning becomes black before it is reduced to 
ashes. Whether it derives the oxygen which burns it from the at- 
mosphere, or from any other source, the chemical efiect on the 
wood is ^heeame. In the case of real combustion, wood becomes 
black,.l)ecause it is reduced ^o the state of charcoal by the evapora- 
tion orits other constituents aI But can you tell me the reason why 
■ivood turns black whenbumtfby the application of an acid f 

Caroline, First tell me what are the ingredients of wood ? 

J^rg. B.f^Ydrogen and carbol^ are the chief constituents of 
«wood, as ofVll other v^etable substances. 

Caroline, Wellf then, I suppose that the oxygen of the acid com- 
bines with the hydrogen of the wood, to form water ; and that the 
^carbon of the wood, remaining alone appears of its usual black col- 
our. 

Mtm, B' Very well indeed, my dear; that is certainly the most 
,]^ausible explanatioii. 

Emily. Would not this be a.good method of making charcoal ? 

jMrs. B. It would be an extremely expensive, and 1 believe v^rjr 
imperfect method ; for the action of the acid on the wood, and the 
heat produced by it, are far from sufficient to deprive the wood of 
•all its evaporable parts. 

Caroline. What is the reason that vinegar, lemon, and the acid 
of fruits* donot produce this efiect on the. wood? 

Jlfrt. B, 4]Tbey are veg^etable acids, whose bases are composed of 

886. How* can acids of simple radicals be decomposed? 

887. If a drop of sulphuric acid falls on a piece of iron, why dpep 
it produce rust ? 

888. .Why does acid turn wood black ? 

889. Why doQB wood become black in real combuttioD ? 

890. What are the chief constituents of wood ? 

891. Why do not vinegar, lemon, and the other^ vegetable acitlf 
j>coduce the. $ame ^ect qip. wood ? 

X9 
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hydrogen and carbon; the oxygen, therefore, will not bed|8po0ed 
to quit this radical, where it is already united with hydrogenj The 
strongest of these may, perhaps, yield a little of their oxygei^o the 
wood, and produce a stain upon it. but the carbon will not be suffi- 
ciently uncovered to assume its black colour. Indeed, the several 
mineral acids themselres possess this power of charring wood in 
very different degrees. 

Emily. Cannot vegetable acids be decomposed, by any combus- 
tibles ? 

Jfrs. B. No t/oecause their radical is composed of two substan- 
ces which have agreater attraction for oxygen than any known bo- 



dy^ 



Caroline, And are those strong acids, which burn and decom- 
pose wood, capable of producing similar effects on the skin and 
flesh of animals? 

Mm. B. Tes ; all the mineral acids, and one of them more es- 
pecially, possess powerful caustic qualities, /They actually corrode 
and destroy the skin and flesh ; but they do hetproduce upon these 
exactly the same alteration they do on woool probably/oecause 
there is a great proportion of nitrogen and othmr substanc^ in ani- 
mal matter, which prevents the separation of carbon from being so 
conspicuous7\ 



CONVERSATION XVH. 

pW THJfi SULPHITBIC AND PHOSPHOBIC ACIDS ; OB THE COVr 
BINATION8 OF OXTGEN WITH SULPHUB AND PH0SPH0BU8 ; 
AND OP THE SUIiPHATB A^O) PH0SPHAT8. 

JIfrf. B, In addition to the general survey which we have taken 
of acids, I think you will find it interesting to examine individually, 
m few of the most important of them, and likewise some of their 
principal combinations with the alkalies, alkaline earths, and metali. 
The first of these acids, in point of impiortance, is the^LPHU&ic^ 
formerly called oi/^wfrto/. I y 

Caroline. I have known it a long time by that name, bni had ii« 
idea that it was the same fluid as sulphuric acid. What resemblanoe 
or connection can there be between oil of vitriol and this acid? 

J|fr«. S.n^itriol is the common name for sulphat of iroe, a saftt 
^hich is formed by the combination of sulphuric acid and iron : (he 
•mlphuric^acid .was formerly obtained by distillation from this salt, 
ana it very naturally received lits name from the substance which 
afforded it/\ 

892. Why cannot vegetable acids hedecomposed by combustibles^ 

893. Do tbe mineral acids ^ave ihe same effect on the skin nnd 
flesh of animals asvon wood ? 

894. If they do ngot what is the reasonrf 

895. What is the )>roper chemical name Mioil of vitriol ? 
696. Why was it called oil of vitriol ? 
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CaroHne, Bbtit is still nsoally ealled oil of vitrtol i||f 

Mn. B, Yes : a sufficient Icogtb of time has mryet elapsed, 
siDce the inventioa of the new Domenclature, for it to be generally 
disseminated; bat, as it is adopted by all scientific chemists, there 
is every reason to suppose that it will gradually become aniversal. 
When 1 received this bottle from the chemists, oil of titriol was in- 
scribed on the label ; but as I knew you were very punctillious in re- 
gard to the nomenclature, 1 changed it, and substituted the words 
tulphuric ^pd. 

Emily, rrhis acid has neither colour nor smell, but it appears 
much thicser than water!| 

Mn. B. f\. is nearly tvwce as heavy as water^'^nd has, you see, 
an oily consistence. J 

Caroline, And it is probably from this circumstance that it has 
been called an oil ; for it can have no real claim to that name, as it 
does not contain either hydrogen or carbon, which are the essential 
constituents of oil. 

JMr*. B, Certainly, and therefore, it would be the more absurd 
io retain a name which owed its origin (o such a mistake^^anaiogy. 

Sulphudc acid, in its purest state would probably befa concrete 
substance jbu^s attraction for water is such, that it is^ impossible 
to obtain IRat acid perfectly free from it: it is. therefore, always 
seen in a liquid form, such as you here find it j ft)ne of the most 
striking propertiea of sulphuric acid is that ofe^mng a considera- 
ble quantity of heat when mixed with watert this 1 have already 
shown you. / 

Emily. Tes, I recollect it ; but what was the degree of heat pro- 
duced by that mixture ? iv 

J^rs. B. The thermometer may be raised t>y ityfo 300 degrees, ) 
which is considerably above the temperature of boil^Qg water. / 

Caroline, Then the water may be made to boil in that mixture ? 

Jlfr«. B. Nothing more easy, provided that you employ sufficient 
quantities of acid and of Water, and in the due proportions. The 
greatest heat is produced by a mixture of^e part of water to four 
of the acidl we shall make a mixture <R these proportions, and 
immerse iw4t this thin glass tube, which is full of water. 

Caroline. The vessel feels extremely hot, but the water does not 
boil yet. 

Jnrs. B. You must allow some time for the heat to penetrate the 
tube, and raise the temperature of tlte water to the boiling point — 

Caroline, N,ow it boils — and with increasing violencet. 

J\ir*. B, But it will not continue boiling long : fo^he mixture 
gives out heat only while the particles of the water anekth^ acid are 
mutually penetrating each other ; as soon as the new arrangement 

. _— Sl^. : 

897. What is the colour and smell of this acid? 

898. Whaiis its weight? 

899. What wonid sulphuric acid be in its purest state ? 

900. What is the consequence of mixing it with water ? 

901. What is one of its most striking properties ? ^ 

902. How high may a thermometer be raised by it ? 

903. In what proportions must sulphuric acid and water be mix- 
ed in order to produce the greatest degree of heat ? 

904. Why does the mixture iif sulphuric acid and water give out 
beat only for so short a time .' 
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of these parties is affected, the mixture^ill gradually cool, and 
the water return to its former temperaturej 

You have seen the manner in which sijjiphuric acid decomposes 
all combustible substances, whether animal, vegetable, or mioeraly 
and burns them by means of its oxygen ? 

Caroline. I have very unintentionally repeated the experiaent 
on my gown, by letting a drop of the acid fall upon it, and it has 
made a btain, which I suppose will never wash out. 

J>lr8. B. No, certainly ; for before you can put it into water, the" 
spot will become a hole, as the acid has literally burnt the muslin. 

Caroline, So it has indeed ! Well, I will fasten the stopper, and 

Eut the bottle away, for it is a dangerous substance — On, now f 
ave done worse siill, for I have spilt some on my hand ! 

J^rs. B. It is then burned, as well as your gown, for you knovr 
that oxygen destroys animal as well as vegetable matter ; and as 
far as the decomposition of the skin of your finger is effected, there 
is no remedy ; but by washing it immediately in water, you will di^ 
lute the acid, and prevent any further injury. 

Caroline, It feels extremely hot, I assure you.. 

Mrs. B, You have now learned by experience, how cautiously 
this acid must be used. Yon will soon become acquainted with 
another acid.^ie nitric, which, though it produces less heat on the 
skin, destroysNt still quicker, and makes upon it an indelible stainll 
You should never handle any substances of this kind without pre^ 
viously dipping your fingers into water, which will weaken their 
caustic effect. But, since you will not repeat the experiment, I 
must put in the stopper, for the acid attracts the moisture from the 
atmosphere, which would destroy its strength and purity. 

Emily. Pray, how can sulphuric acid be extracted from sulphat 
of iron by distillation ? 

JWr*. JB. The process of distillation, you knoMT^onsists in sepa» 
rating substances from one another by means of iVeir different de- 
grees of volatility, and by the introduction of a new chemical agent, 
caloric^ Thus, if sulphat of iron be exposed in a retort to a proper 
degree jif heat, it will be decomposed, and the sulphuric acid wiH 
be volatilized. 

Emily. But now that the process for forming acids by the com- 
bustion of their radicals is known, why should not -ihh. method b^ 
used for making sulphuric acid ? A^Jf 

JJt8. B. I'his is actifally done in most manufactiSK' but^e 
usual method of preparing sulphuric acid does not con^Tin bln^ 
ing the sulphur in oxygen gas (as we formerly did by way of ex- 
periment,^ but in heating it together with another substance, nitre,- 
wbich yields oxygen in sufficient abundance to render the combus- 
tion in common airiepid and complete!^ ^ 

Caroline* This substance, then, answers the same purpose as ox- 
ygen gas? 

J^rg, B. Exactly. In manufactures the combustion is performed 
in a leaden chamber, with water at the bottom, to receive the va- 
pour and assist its condensation. The combustion is "^Kiwever, never 
so perfect but that a quantity of sulphureotk* acid %' formed at the 



905. How does sulphuric compare with nitric acid ? 

906. In what consists the procesflpf distillation? 

907. How is sulphuric acid obt Jbed ? 
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same time ; for, if you recoUect tbaj^the sulphureous acid, accord- 
ing^ to the chemical nomegclatureydiffers from the sulphuric only 
. by cootaioiog less oxygeA V^ 

From its own powerful ffroperties, and from the various combina- 
t^ns ii>to which it enters, sulphuric acid is of great importance io 
ikiany of the arts. 

It is used also in medicine in a state of great dilution ; for were 
it taken iniernaliy, in a concentrated state, it would prove a most 
dangerous poison. 

Caroline, I am sure it would burn the throat and stomach. 

Mrs. B. Can you think of any thing that would prove an anti- 
dote to this poison ? 

Caroline. A large draught of water to dilute it. 

Mr8. B That would certainly weaken the caustic power of the 
acid, but it would increase the heat to an intolerable degree. Do 
you recollect nothing that would destroy its deleterious properties 
more effectually ? 

Emily. An Alkali might, by combining with it ; but, then, a pure 
alkali is itself a poison, on account of its causticity. 

Mrt. B. There is no necessity that the alkali should be caustic. 
Soap, in which it is combined with oil ; o/magnesia, either in the 
state of carbonat, or mixed with water, M^ld prove the best anti- 
dote) 

Bmily, In those cases then, I suppose, the potash and the mag- 
nesia would quit their combinations to form salts with the sulphurie 
acid ? 

Mrs. B. Precisely. 

We may now make a few observations on the sulphureous acid, 
which/^e have found to be the product of sulphur slowly and im- 
perfeciif burntA This acid is distinguished by its pungent smell, 
and its gaseous Arm. 

Caroline. Its kriform state is, I suppose, owing to the smaller 
proportion of oxvgen, which renders it lighter than sulphuric acid? 

Mrs. B, Probably ; for by adding oxygen to the weaker acid, 
it may be converted into the stronger kind. But this change of 
state may also be connected jrith a change of affinity with regard 
to caloric* 

EmUy. And may sulphureous acid be obtained frpm sulphurie 
acid^ a diminution of oxygen>| 

Mjrs. B. Yes ; it can be dono/by bringing an^ combustible sub- 
stance in contact with the acid. This decomposition is most easily 
performed by some of the acids ; these absorb a portion of the oxy- 
gen from the sulphuric acid, which is thus converted into the sul- 
phureous, and flies oflTin its gaseous form. 

Caroline. And cannot the sulphureous acid itself be decomposed 
aod reduced to sulphur? 

Mrs, B. Yes ;/1rOiis gfas be heated in contact with charcoal, the 
oxygen of the m will combine with it, and the pure sulphur will 
be regeneratedTj 
— * ^ -,.« . — • 

908. How does sulphureous acid differ from sulphuric ? 

909. What would prove the best remedy to a person who had 
swallowed sulphuric acid ? 

910. How may sulphureous acid be obtained I 

911. How can the sulphuric acid be changed to the sulphureoui? 
913. How caa lulphureous^cid be reduced to sulphur ? 

18* 
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Sul|3Jiureous acid is readily absorbed by water ; and id this liquid 
state^ is fouud particularly useful in bleaching linen and woollen 
clothsAand is much used in manufactures for those purposes. I 
can skow you its effect in destroying^ colours, by taking out vegeta- 
ble stains — I think I see a spot on your gown, Emily, on which we 
may try the experiment. 

Emily, It is the stain of mulberries ; but I shall be almost afraid 
of exposing my gown to the experiment, after seeing the effect 
which the sulphuric acid produced on that of Caroline — 

Mrs, B, There is no such danger from the sulphureous ; but the 
experiment must be made with great caution, for during the forma- 
tion of sulphureous acid by combustion, there is always some sul- 
phuric produced. 

Caroline, But where is your sulphureous acid ? — 

Mrs, B, We may easily prepare some ourselves, simplj/py burn- 
ing a match ; we must first wet the stain with water, ancfi^ow hold 
it in this way, at a distance over the lighted match; the vapour 
that arises from it is sulphureous acid, and the stain, you see, gradu- 
al! r di8appears7\ 

ilmily. I ha^ frequently taken out stains by this means, with- 
out understanding the nature of the process. But why is it neces- 
sary to wet the stain before it is exposed to the acid fumes ? 

Mrs, B, The moi&ture attracts and absorbs the sulphureotis 
acid ^ and it serves likewise to dilute any particles of sulphuric acid 
which might injure the linen. 

Sulphur appears to be susceptible of a third combination of oxy- 
gen, in which|ffie proportion of the latter is too smalt to render the 
sulphur acid, y it acquires this slight oxygenation bjrmere exposure 
to the atmosphere, without any application of heaK; in this case 
the sulphur does not change its'^natural form, but i^nly discolour* 
ed, being changed to red or brown, a state in which it may be 
considered an oxyd of sulphur. 

Before we take leave of the sulphyric acid, we sba:!! say a few 
words of its principal combinations. /It unites with all the alkalies* 
/ alkaline earths and metals, to form dompound saltsV 

Caroline, Pray, give me leave to interrupt yoy/for a moment i 
you have never mentioned any other salts than the compound or 
neutral salts ; is there no other kind ^ 

^ Mrs, B, The term soli has been used, from time immemorial, as 
/a kind of a general name for any substance that has favour, odour, 
IS soluble in water, and crystallizable, whether it be of an acfid, an 
alkaline or compound natur^ but the compound salts alone retftin 
that appellation in modem cl/emistry. 

The most important of the salts formed by the combinations of the 
sulphuric acid, are, first, sulphat of potash^ formerly called sal poly' 
ehrest : this is a very bitter salt, much used in medicine ; it is found 
iln the ashes of most vegetables, but it may be prepared artificially 
by the immediate combmation of sulphuric acid and potash. This 



9.J3. What important use is made of this acid ? 

914;^^ What is the easiest process for making this acid ? 

915. Hqw would you describe a third combination of sulphv 
with oxygelT'? 

9 1 6. W ith Itfiat does sulphuric acid unite ? 

917. What is the meaning of the term salt / 
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salt 18 easily soluble in boiling water. Solubility is, indeed, a prop- 
erty common to all salts^and they always produce cold in meltin|f. 

Emily. That must be/owing to tl^e caloric which they absorb m 
passing from a solid toVk^uid form j 

J\ilrs, B. That is, certain Iv, the,»o8| probable explanation. 

Sulphat ofSoday commonly calledfGlauber's saltlis another me- 
dicinal salt, which'is still more bitteAhan the precefling. We must 
prepare some of these compounds, that you may observe the phe- 
nomena which take place during their formation. We need only 
/pour some sulphuric acid brer tbesodaVhich I have put into this 
glass. I 

Caroline. What an amazing heat is d^isengaged ! — I thought yon 
said that cold was produced by the melting of salts? 

Jtfrs. jB. But you must observe that we are now makings not meli- 
ing^ a salt. Heat is disengaged during the formation of compound 
salts, and a faint light is also emitted, which may sometimes be per* 
ceivcd in the dark. 

Emily, And is this heat and light produced by the union of the 
opposite electricities of the alkali and the acid r 

J\irt. B. No doubt it is, if that theory be true. 

Caroline, The union of an acid and an alkali is then an actual 
combustion ? 

J^rs.B. Not precisely, though there is certainly much analogy 
in these processes. 

Caroline. Will this sulphat of soda become solid ? 

JIfrf. B. We have not, I suppose, mixed the acid and the alkali 
in the exact proportions which are required for the formation of 
the salt, otherwise the mixture would have been almost immediate- 
ly changed to a solid mass ; but in order to obtain it in crystals, as 
you see it in this bottle, it would be necessary first to dilute it with 
water, and afterwards to evaporate the water, during which opera- 
tion the salt would rradaally crystahize. 

Caroline. But of what use is the addition of water, if it is after- 
wards to be evaporated ? 

Jtfr«. B. When suspended in water, the acid andihe alkaU tarn 
more at liberty to act on each other, ^ir miie^^ore complete, 
and the salt assumes the regular form of CfjpeflRi during the alow 
evaporation of its solrent. 

Sulphat of soda liquefies by heat and effloresces in the air. 

Emily. Pray what is the meaning of the word ^gUretoes / I do 
not recollecjt your having mentioned it before. 

Mr». B.fk 'salt is said to effloresce when it totes its water of cr]fs« 
taUi^ation Vn being exposed to the atmosphere, and is thus grad«al- 
ly converted into a dry powder\ yon may observe that these crys- 
tals of sulphat of soda are farArom possessing the transparenof 
which belongs to their crvstalUne state { they are covered with a 
white powder, occasioned by their having beeAex posed to the At- 
mosphere, which has depri^ their sarfaMce of ick lustre, by absorb- 
ing Its water of crystallization. SaHs are^ in gelieral, either ^ffif 
eteent or deHqueueni : this latter propertyHs preeisely the reverse of 

918. Why do the salts prodace cold in melting ? 

919. By what name is the sulphat of soda called ? 
9^. How can sulphat of soda be formed ? 

9^1. What is the signification of the word effloresces ? 
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the former ; that U to say, deliqaescent salts absorb water^rom the 
atmosphere, and are moistened and gradually melted by itJ M ariat 
of time is an instance of great deliquescence. ^ 

. Emily But are there bo salts that have the same degpree of at- 
traction for water as the atmosphere, and that will consequently 
not be affected by it ? 

J(fr«. B. Yes : there are many such salts, as, for instance, com- 
mon salt, sulphat of magnesia, and a variety of others. 

Sulphat o/limeis very frequently metwitb in nature, and consti- 
tutes the well known substance called^^iom or />^/er^l»amA 

Sulphat tf magnesia, commonly caLlecK^/^fomM^, is another ^ry 
bitter medicine, which is obtainednrom sea- water and from sevenu 
spring, or may be prepared by thVdirect combination of its ingre- 
dients^ 

We €ave formerly mentioned ntZjoAa/o/'a/uiiitne as constituting 
the common alum; it is found in naturepTiiefly in the neighborhood 
of volcaooes^nnd is particularly useful '\ the arts, from its strong 
astringent qifoities. ^ is chiefly employed bv dyers and calico- 
printers, to fix coIoui:s\ and is used also in the manufacture of 
some kinds of leatherr\ 

Sulphuric acid combines also with the metals. 

Cardline, One of these combinations, «u/p^/ o/'tron, we are al- 
ready well ac()uainted with. 

Mrs. B. This i<) the most important metallic salt formed by sul- 
phuric acid, and the only one which we shall here notice. It is of 
great use in the arts ; and in medicine, it affords a very valuable 
tonic ; it is of this salt that most of those preparations called iitd 
medieirut are composed. 

Caroline* But does any carbon enter into these compositions to 
form steel ? 

Mrs. B. Not an atom : they are, therefore, very improperly cal- 
ted steel ; but it is the vulgar appellation, and meiical ^nen them- 
selves often comply with the general custom. 

Sulphat of iron mav be prepared, as you have seen, by dissolving 

iron in sulphuric acid : but is generally obtained from the natural 

production call^k^^i/e«,Vhicn being a sulphuret of iron, requires 

/'only ei^nosureto^ie atmosphere to be oxydated, in order to form 

Hhe sain this, therefore, is much the most easy way of procuring 

it on a mrge scale. 

Emi^f, 1 am surprised to find that both acids and compound salts 
are generally obtained from their various combinations, rather tbao 
from the immediate union of their ingredients. 

Mrs. B. Were the simple bodies always at hand, their combioa- 
Uons would naturally be the most convenient method of forming 
compounds ; but you must consider that, in most instances, there is 
great difficulty and expense in obtaining the Simple ingredient from 

92t. What is the signification of the word deliquescent? 
9S3. What substance is frequently found in nature, the same as 
sulphat of lime f 

994. From what is the sulphat of magnesia obtained ? 

925. Where is the sulphat of alumine chiefly found? 

926. For what purpose is it used ? 

927. From what is the sulphat of iron obtained ? 

928. How is sulphat of iron manufactured in the large way ? 
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their combinations ; it is, therefore, often more expedient to procure' 
compounds from the decomposition of other compounds. But, to 
return to the sulphat of iron. There is a certain vegetable acid 
called gallic acirf,n bieh has the remarkable property of precipitat- 
ing this salt black — I shallJpour a few drops of the gallic acid into 
this solution of sulphat of ¥onV 

CaroliTie. It is become asbiaek as ink ! 

.^/r? B- And it is ink in reality. Common writing ink is a pre- 
cipitate of sulphat of fron bj gallic acid ;^e black color is owing 
tb the formation of gallat of iron, which fcing insoluble, remains 
suspended in the fluid. 

This acid has also the property of alterrog the color of iron in 
its metnllic state. You may frequently see its effect on the blade of 
a kniie, that has been used to cut certain kinds of fruit^ 

CaruUrie. True; and that is, perhaps, the reason that a silver 
knife is preferred to cut fruits ; the gallic acid, 1 suppose, does not 
act upon silver.— Is thi« acid found in all fruits ? 

J\Irs. B. it is contain- d, more or less, in the rind of most fruits 
and roots, especially th* radish, which, if scraped with a steel or iron 
knife, has its briglit red color changed to a deep purple, the knife 
bein": nt the same time blackened. But the vegetable substance 
in which the gallic, acid most abounds, is ^utgali\2k kind of ex- 
creserjce that grows on oaks, and from wbicnf^the aoidis commonly 
obtained for its various purposes. 

Mrs B. We now come to the phosphoric aud phosfhorous 
ACIDS, In treating of phosphorus, you have seen how these acids 
may be obtained from it by combustion. 

Emilij. Yes; but I should be much surprised if it was the usual 
method* of obtaining them, since it is so very difficult to procure 
phosphorus in its pure state. 

J\Irs, B, You are right, my dear ;/fTf)e phosphoric acid, for gene- 
ral purposes, is extracted from bones^n which it is contained in the 
state of pliosphat of lime ; from this «Llt the phosphoric acid is sepa- 
rated by means of the sulphuric, which combines with the lime. In 
its pure slate, phosphoric acid is either liquid or solid, according to 
its depfree of concentration. 

Among- the salts formed by this acid, phosphat of lime is the only 
one that affords much interest ; and this, we have already observed, 
constitutes the basis of all bones, fit is also found in very small 
quantities in some vegetables! \ 

929. How may the sulphat of iron be turned black ? 

930. Why is a knife turned black in cutting fruit ? 

93 1 . In what vegetable substance does gallic acid mostly abound ^ 

932. Where is the phosphat of lime found ^ 

V 
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CONVERSATION JITIII. 

OP THE NITBIC AND CAKBONIC ACID&; OK THE COXBINATIONB 
OF OXYGEN WITH NTFROOEN AND CABVON ; AND OF THB 
NITRATS AND CARBONATS. 

Mr*. B. I am almost afraid of introducipg^ the subject of the 
siTRic ACID, as I am sure (hat I shall be blamed by Caroline for 
not having- made her acquainted with it before. 

Caroline. Wh} so, Mrs. B. ? ^ . . J. 

Jifrs, B. Because you have Ipng known its radical, which iani- 
trogem or azot^ and in treating of that element, I did not evbn 
bint (hat it was M basis of an acid. 

Caroline. And what could be jrour reason for not mentioning this 
acid sooner ? 

J^rg. B. I do not know whether you will think the reason suffi- 
ciently good to acquit me ; but the omission, I assure you, did not 
proceed from negligence^ You may recollect that nitrogen was one 
of the first simple bodies which we examined ; you were then igno- 
rant of the theory of combustion, which 1 believe was, for the first 
time, mentioned in that lesson ; and therefore it would have been 
in vain, at that time, to have attempted to explain the nature and 
formation of acids. 

Caroline. 1 wonder, however, that it never occurred to us to in* 
quire whether nitrogen could be acidified ; for, as we knew it was 
classed among the combustible bodies, it was natural to suppose that 
it might produce an acid. 

Mrs. B. That is not a necessary consequence ; for it might com- 
bine with oxygen only in the degree requisite to form an oxyd. Bat 
you will find'that nitrojren is susceptible of various degrees of oxy- 
genation, some of which convert it merely into an oxyd, and others 
give it all the acid properties. 

The acids, resulting from the combination of oxygen and nitro- 
gen, are calledThe nitrous and nitric acid» We will begin with 
^e nitric, in wkich nitrogen is in the highcsTstate of oxygenation. 
vThis acid has so powerful an attraqtion for water that it has never 
Been obtained perfectly free from iu\ But water may be so stronrlj 
impregnated with it as to form an esteedingly powerful acid -solu- 
tion. Here is a bottle of this acid^ which you see, is quite limpid. 

Caroline.g^h^i a strong offensive smell it has ! 

Mrs. B.trh\s acid contains a greater abundance of oxygen than 
any other ;N>ut it retains it with very little foroa ^ 

Emily. Then it must be a powerful caustic, Mih fromthe facility 
with which it parts with its oxygen, and the quantity whicn^t afford^ 

933. What is the radical of nitric acid ? 

934. What acids are formed by the combination of nitrogen and 
oxygen f 

QJS. How does nitric acid naturally exist ? 

936. How does this compare with other acids as to the quantity 
of oxygen contained in it f 

937. To what is the great causticity of nitric acid owing ? 
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Mrt. B» Very well, Emily ; both causes and effects are exactly 
such as you describe ; nitric acid burns aod destroys all kiads of 
erranized matter. It even sets fire to some of the most combustible 
sabstances.— -We shall pour a little of it over this piece of dry 
warm charcoal* — ^you see it inflames it immediately ; it would do 
the same with oil of t^igpenimey phosphorus, and several other very 
combustible bodies. /This shows you how easily this acid is decom- 
posed by combustib1e4)odi^ since these effects must depend upon 
the absorption of its oxyge^ 

Nitric acid has been usetrin the arts from time immemorial ; but 
it is only within those twenty-five years that its chemical nature has 
been ascertained. The celebrated Mr. Cavendish discovfn*ed that 
it consisted of aboutflO parts of nitrogen and 2$ of oxygen.f\ These 
principles, in their g^eous state, combine at a high temperature; 
and this may be effected by repeatedly passing the electoral spark 
through a mixture of the two gases. 

Emily. The nitrogen and oxygen gases^of which the atmosphere 
is composed, do not com^jai I suppose/Cecause their temperature 
is not sufficiently^ elevatedj V^ 

Coiroline, But in a thumflr-storm, when the lightning repeatedly 
passes through them, may it not produce nitric acid ? We should be 
in a strange situation, if a violent «torm should at once convert the 
atmosphere into nitric acid. 

Mrs. B. There is no danger of it, my dear *^Qne lightning can af 
feet but a very small portion of the atmosphe^and though it wer 
occasionally to produce a little niti;ic acid, it never could happen to 
such an extent as to be perceivable^ 

Emily, But how could the nitric^clcid beknown, and used, before 
the method of combining its constituent was -discovered-? 

Jtfrx. B. Previous to that period the nitric acid was obtained, 
and it is indeed still extracted, for the <commoa purposes of art, 
from the compoand salt which it forms with pot-ash, commonly ctdU 
ad nitre, 

Caroline' Why is it so called ? Pray, Mrs. B., let these old un- 
meaning names be entirely given^ «p, bj us at least ; and let as call 
this saltintral of pot-ath. 

* To inflame charcoal, a stronger acid than that sold at the shops 
is necessary. The experiaient with oil, turpentine, and phospho- 
rus, succeeds, if about a sixth part of sitlpb. acid is added to the ni- 
tric acid. The experiment with the turpentine requires caatioo. 
The vial containing the acid must be tied to a stick, a yard or two 
long, the operator pouring it into a small quantity of the tarpentiBe 
standing at a distance. — C« 

TThe proportion stated by Sir H. DaTj« in his Chemical Re- 
teftrches, is as 1 to 2,389^ 

938. What is the reason why nitric acid inflames charcoal, oil of 
turpentine, kc. ? 

939. What are the proportions of oxygen and Bitrogfensn nitrie 
aeid? 

940. What is the reason, that the oxygen and nitrogen «f which 
tbe atmosflhere is composed, do not combine and form nitric acid f 

941. Why does not lightning prodnce this elevation of 4empera- 
tnra? 
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Mr*, B. With all my heart; but it is necessary that I shotfid, at 
least, mention the old Dames, and more especially those which are 
yet in common use ; otherwise, when you meet "with them, you 
would not be able to understand their meaning^. 

Emily. And how is the acid obtained from this salt ? 

Jdrs,B»^y the intervention of sulphuric acid, which ^combines 
with the pot-ash, and sets the nitric acid at libert^ This 1 can 
easily show you, by mixing^some nitrat of potash aoA^ulphuric acid 
in this retort, and heating^ it over a lamp ; the nitric acid will come 
over in the form of vapour, which we shall collcpt in a g^4ss bell. 
This acid diluted in water, is commonly c2i\iedm^uaforlifi\( Car- 
oline will allow me to mention that name. ^^^ >r 

Caroline. I have often .heard that aqua fortiJmill dissoWe almost 
all metals ; it i$ bo d ciubt bi ' i! i ius«. itj;4fl||^tent wryg,Bii nu t iU i l} !*' 

•Mrs, B.,Y9^^ and from this powerful solveojtoroperty, it deriy- 
ed the name of aqua tortis, or strong wate^ Do you not recol- 
lect, that weoxydated, and aAerwards dissolv^, some copper in this 
acid ? 

Emily, If 1 remember right, the nitrat of copper was the first in- 
stance you gave us of a compound salt. — 

Caroline. Can the nitric acid be completely decomposed and con- 
verted into nitrogen and oxygen ? 

Emily, That cannot be the case, Caroline ; since the acid can be 
decomposed only by the combination of its.coDstituents with other 
-bodies. 

Mrs* B. True ; but caloric is sufficient for this purpose. 
rSy making the acid pass through a red hot porcelain tube, it is 
ddeompose^ the nitrogen and oxygen regain the caloric which 
they had Id^ in combining, and are thus both restored to their gas- 
eoj^ state. 

filie nitric acid may also be parthr decomposed, and is by this 
.mesAs converted into nitrous acii^ 

' Caroline. This conversion must b^easily effected, as the oxygea 
is so slightly combined with the nitrogen. 

Mrs, B, The partial decomposition of nitric acid is readil^r ef- 
fected by roost metals; but it is sufficient to expose tbe nitric acid to 
ft very strong light tomake it giye outoxygfen g^asand thus be coo- 
yerted into nitrous acid. This latter acid appears i&^arious degrees 
of strength, {Uncording to the proportions of nitrous acid gas and 
water of which it is composed ; the strongest is a yellow color, as 
jpu see in this bottle. 

Caroline. How it fumes when tbe stopper is taken out ! 

Mrs. B. The acid exists naturally in a gaseous state, and is hero 
so strongly concentrated in water, that it is constantly esc^ing. 

Here is anotber bottle of nitrous acid, which, you see, i^of an or- 
ange red : this acid is weaker, that is^contains a smaller <pantity of 
the acid gas ; and with a still less proportion of the gas it is of an 



942. How is nitric acid obtained from the nitrate of potash ? . 

943. What is the common name of nitric acid diluted in water ? 

944. What is the propriety of the name aaua fortisf 

945. How may nitric acid be decomposed f 

946. How can nitrous acid be formed ? 

947. How may the color of water be effected by tb<9 di^rejit 
portions of nitrous acid with which it Is combined ? 
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olive green colour, as it appears ia thift4bird bottle. In short, the 
weaker the acid, the deeper is its colour^^ 

Nitrous acid acts ^tijl more powerfuily^n some inflammable sub- 
stances than the niti^. 

Emily. I am surprised at that, as it contains less oxyg^eo. 

Mrs.JB. But, on ihe other handiTT parts with its oxygen much 
more readil^ you may recollect tOat we once inflamed oil with 
this acid. I 

The next combinations of nitrogen and oxygen form only oxyds 
of nitrogen, the first of which is^mmonly called nitrous air ; or 
more properly nitric oxydgas.* /This may be obtained from nitric 
.acid, by exposing the latter to thVaction of metalsias in dissolving 
them it does^not yield the jnrhole of its oxygen, ba^etaios a portion 
of this principle sufficient to convert it into this peculiar gas, a spe- 
cimen of which I hai^e prepared, .and preserved/^ith this inverted 
^lass bellJ V. 

^mi^yrlti? a perfectly invisible elastic fluid. 

JITrf. B, Yes ; and it may be kept any length of time in this man- 
vHer over water> as it is not, like the nitric and nitrous acids, absorb- 
. able by it. It is rather heavier than atmospherical air, and is inca- 
pable of supporting either combustion or respiration. I am going 
vto incline the glass gently on one side, so as to let some of the gas 
/escape — 

Emily, H(^ very curious !— It produces orange fumes like the 
..nitrous acid ! that is the mor^ extraordinary, as the gas within the 
glass is perfectly invisible. 

Jits.^B. It would give me much pleasure \( you could make out 
the reason of this curious change^ without ^.re^iHng any further 
explniation. 

C/iroline. It seems, by the colour and smell, as if it were con vert- 
ed into nitrous acid gas K yet that cannot be, unless it combines 
with more oxygren ; an4^;how can it obtain oxygen the very instant 
it escapes from the glass ? 

Emily, From the atmosphere, no doubt. Is it not so, Mrs. B. ? 

Mrs, B, You have^guessed it ;^ soon as it comes in contact with 
the atmosphere, it absorbs from iMhe^additK>nal quantity o(.oxygen, 
^neeessary to convert it into nitrous acid gaO And, if I npw remove 
. the bottle entirely from the water, so,as touring at once the whole 
, of the g^ in contact with the atmosphere, this conversioli will ap- 
pear still more striking. 

Emily, Look, Caroline, the whole capacity of the bottle is in- 
. ttantly tinged pf an orange colour ! 

Mrt, B. T,hut you see, it is the most easy process imaginable to 

* To procure nitrous air, put into a retort some filing^, or shav* 
ings of copper, on which pour nitric acid, dilated with four or five 
parts of water ; then apply the heat of a lamp, and receive the gys in 
the usual way, over water.--«C. 

948. Why does nitrous acid act more powerfully on sone iaflam- 
raable tobstaoces than nitric acid ? 

949. How can nitrous air,, or nitric oxyd gas be obtained P ' 
960. How can thia^gas be preserved? 

9fil. How^an qitjrous oxyd gas. be converted jntp nitro^ $ci<ji 
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convert nitrout oxydgaif into nitrcus acid ^at, /The pro|>erty of at- 
traetiQg;oxyg'eo from the atmosphere, without any eleyatien of tem- 
perato^ has occasioned this i^aseousoKyd being* used as a test, for 
ascertaioing the degree of purity of the atm^here. I am |^uig to 
show you how it is applied to this purpose. -^ou see this graduated 
glass tube, which is closed at one end, (see fl^. 30,) I first fill it with 
water, and then introduce a certain measure of nitrous g^, which, 
not being absorbable by water, passe^ through it, and occupies the 
upper part'of the tube. I must npw addratl^r above two-thirds of 
oxygen g^s, which will just be sufficient to convert the nitrous ozyd 
gas into nitrous acid gasi 

Caroline. So it has !— 4 saw it turn of an orange colour ; but it 
immediately afterwards disappeared entirely, ana the wa^er, you 
see, has risen, and almost filled the tube. 

Mrt, B. That is because the acid gas is absorbable by water, 
and in proportion as the gas impregnates the water, the latter rises 
in the tube. When (he oxyigen gas is very pure, and the required 
proportion of nitrous oxyd gas <very exact, the whole is absorbed by 
the water ; but if any other gas be mixed with the o^gen, instead 
of combining with the nitrous oxygen, it will remain and occupy the^ 
upper part of the tube : or if the gases be not in the due proportion, 
there will be a residue of that whiehpredominates.— Before we leave 
this subject, 1 must not forget to remark that nitrous acid may be 
formed, by dissolving nitrous oxyd^as in nitric acid. This solution 
may be effected simply, by making bubbles of nitrous oxyd gas pass 
through nitric acid. 

Emily, That is to say, that nitrogfen at its highest degree of oxy- 
genation, being mixed with nitrogen at its lowest degree of oxy- 
genation, will produce a kind of intermediate substance, which is 
nitrous acid. 

Jtfr». B, You have stated the fact with great prectsion.->-There 
are various other methods of preparing nitrous oxyd, and of obtain- 
ing it from compound bodies ; but it is not necessary to enter into 
these particulars. It remains for me only to mention another curi- 
ous modification of oxygenated nitrcM^en, which has been distinguish- 
ed by the namte offgtugoug oxyd o/nitrogefA It is but lately that 
this gas has beet^ adourately examined, and m properties have been 
investigated chiefly by Sir H. Davy. It has obtained also thedame 
of exhilaroHng gas/lrom'the very situgular property which that gen- 
tleman has discoveVed in it, of elevating the animal spirits, when in- 
haled into ^e lungs, to a degree sometimes resembling delirium or 
intoxication! 

Carolin^M is respirable, then ? 

Emily, It can scarcely be called respirable, as it would not sop- 
port life for tiny'length^of time ; but it may be breathed for a few 
moments without aay other effects, than the singular exhilaration of 
spirits I have just mentioned. It affects different people, however, 
in a very different manner. Some become violent, even outrageou 

952. On what principle can nitrous air be applied, to test the pn- 
•-rity of the atmosphere r 

053. What is the process? 
, 954. By what other name is the exhi]ara(iiiig,g«tr oaHed-? 
; ^ 955. And why is it -called exhilaratinjg gas ? 
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others experienoe a langnior attended with faiotness; bat most agree 
in opinion, that the sensations it excites are extremely pleasant. 

Canoline^ thought I should like to try it — how do you breathe it? 

JUrs. JB.ffSy collecting the gas in a bladder, to which a short tube 
with a stop^otck, is adapted ; this is applied to (he mouth with one 
hand, whilst the nostrils are kept closed with the other^ in order that 
the common air may have no access. You then alternately inspire, 
and expire the ras, till you perceive its effects^ But I cannot con- 
sent to your making the experiment ; for theoferyes are sometimes 
unpleasantly affected by it, and I would not run any risk of that 
kind. 

Emily, I should like, at least, to s«e some body breathe it ; but 
pray by what means is this curious gas obtained ? 

Jan. B.|lt is procured from nilrcU of ammonia^* an artificial 
salt, which yields this gas on the application of a gentle heaU I have 
put some of the salt into a retort^ and by the aid of the lantfr the gas. 
will be extricated.-^ 

Caroline, Bubbles of air begin to escape throufl^h the neck of the- 
retort into the water apparatus ; will you not collect them ? 

Jdri. B, The ras that first comes oyer need not be preserved, as 
it consists of litUe more than common air that was in the retort ; 

* To make nitrate of ammonia, take some nitric acid, or aqua 
fortis— dilute it with four or five quarts of water ; put it into a shal- 
low earthen dish, and throw in pieces of carbonate of ammonia, un- 
til the effervescence ceases. Evaporate about one third of the liquor 
by a gentle heat, and set it away to crystallize. The crystals are 
long striated prisms. To procure ihe mh^mu oxide or txhUaratmg 
gas, and to try its effects by respiration, the following simple appa- 
ratus may be used, where a better is not at band. /Put some nitrate 
of ammonia into an oil flask, having first fitted to ift« cork, and liflass 
tube, bent so as to go under the receiver in the water bath. Then 
apply the gentle heat of a lamp. 

For a receiver, fill a large jug with water, and invert it id the 
water bath ; having fitted to the jug a cork, having two holes made 
through it with a burning iron ; into one of these Boles put a glass 
tube open at both ends, and nearly long enough to reach the bottom 
of the >ug. Provide a large bladderfurnisbed with a short tube tied 
to it. When the jug is nearly ^led with the gas, '.remove and set it 
upright, by passing the hand under its moutf»then pat in the cork 
and tube, the other opening in tbeoork being closed. When you 
wish to breathe the gas, take the stopper out of the cork, and pass 
in the tube attached to the bladder. Then by means of a small tun- 
nel, pour water into the jug through the long tube^juitilit drives out 
ffas enough to fill the bladde^ Mrs. B. describes Ike manner of 
breathing it y 

GoMMbn. Ojet the gas stand an hour or two over water before it is 



b] 



^. V^ is this gas breathed } 
'**' * ( this gas obtained ? 



tis this 
I do chemical decompoiitioni and combinaHoni tak$ 
place, during the formation of this gat from nitrate of ammonia f 
969. Whai eamon it necettary be/ore U it breathed f 
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besides there is always ip this experimeDt, a qaantity of watery ra^ 
poar which must come away before the nitrous oxyd appears. 

Emily. Watenr Tapour ? Whence does that proceed f There is no 
water in nitrat of ammonia ? 

J(fr#. B. You must recoHect that there is in erery salt a quantity 
of water of crystallization, which may be evaporated by beat alone* 
But, besides this, water is actually g^enerated in this experiment, as 
you will see presently. First tell me, what are the constituent parts 
of nitrat of ammonia ? 

Emily. Ammonia, and nitric acid ; this salt, therefore, contains 
three diffeVent elements, nitrb^n and hydrogen, which pro^iice the 
ammonia; and oxygen, which, with nitrogen, forms the acidw\ 

J(fr#. B. Well then, in this process the ammonia is deconf^ned; 
the hydrogen quits the nitrogen to combine with some of the oxygen 
of the nitric acid, and forms with it the watery vapour which is now 
coming over. When that is effected, what will you expect to find P 

EmUy. Nitrous acid instead of nitric acid, and nitrogen instead 
of ammonia. ^ 

Jdrt. B, Exactly sO;/and the nitrous acid and nitrogen combine 
and form the gaseous oxyd of nitrogen, in which the proportion of 
oxygen is 37 parts to 63 of nitrogcfoj 

You may have observed, that for a little while no bubbles of air 
have come over, and we have perceived only a stream of vapour 
condensing^ as it iscTned imo the water.^-Now bubbles of air again' 
make their appearance, and I imagine that by this time aU the wa- 
tery vapour is come away, and th^it we may begin to collect the gas. 
We may try wb|)ther it is purelby fihing a phial with it, arid plungf- 
inga taper mto iy-yes, it will oo'iiow, for the taper bums bngbter 
than in the common air, and with a greenish flame. 

Caroline, But how is that ? I thoeght no g^s would silpport com- 
bustion but oxygen or chloriOe. 

Jdn, B. Or any gas that contains oxygen, and is ready to yield 
it, which is the case with this in a considerable degree ; it is not 
therefore, surprising that it should accelerate the cy>mbustion of the 
taper. 

You see that the gas is now produced in great abundance ; W<ft 
shall collect a large quantity of it, and I dare say that we shall find 
some of the family who will be curious to make the experiment of 
respiring it. Whilst this process is going on, we maf take a gene- 
ral survey of the most important combinations of the nitric and ni- 
trous acids with the alkalies. ^ 

The first of these is nitrMt of polcuh, commonly called mUre, or 
salipetr^ V.^ 

VaroHne. Is not that the salt with which gunpowder is made ? 
Jlfr«. B. Yes. tSunpowder is s^nixture ^.five parts of nitrat to 
one of sulphur, and one of charco^ — Nitre#rom its great propor- 

060. What are the constituent parts of nitrat oi ammonia ? 

961 . What is the process of making nitrous oxide ? 

962. How is the gaseous oxyd of nitrogen formed ? s 

963. How can it be determined when it is pure ? ^ • 

964. What is the common name of nitrat of potash ? 

965. Of what is gunpowder made .* 
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tioQ of ozjTg^en, and from the facilitjr with which it yields it, is the 
basis of the most detonatiog^ compositiob» 

Emily, But what is the cause of the fioleot detonation of g^un- 
powder whep set on fire ? 

•Ifr«.^. ^etonatioD may proceed from two causes; the sudden 
formation or destruction of an elastic fluid. In the first case, when 
either a solid or liquid is instantaneously converted into an elastic 
fluid, the prodigious and sudden expansion of the body sb*ikes the 
air with great violence, and this concussion produces the sound 
called detonation! 

Caroline, Tbvl comprehend very well ; but how can a similar 
effect be produced by the destruction of a gas ? 

Mn, B, A^gas can be destroyed only by condensing it to a liquid 
or solid statVr when this takes place suddenly, the gas, in assuming 
a new and compact form, produces a vacuum, into which the sur- 
rounding air rushes with great impetuosity ; and it is bytthat rapid 
and violent motion that the sound is produced^ In all detonations, 
therefore, gases are either suddenly formed ifr destroyed. In that 
of gunpowder, can you tell me which of these two circumstances 
takes place ? 

Emily, As gunpowder is a solid, it must, of course, produce the 
gases in its detonation ; but how, I cannot tell. 

Mrs, B, The constituents of gownpowder, when heated to a cer- 
tain degree, enter into a number of new combinations, and are 
instantaneously converted into a variety of gases, the sudden ex- 
plosion of which gives rise to the detonation. 

Caroline, And m what instance does the destruction or condensa- 
tion of gases produce detonation ? 

^Mn, B, I can give you one with which you are well acquainted ; 
M.be sudden combination of the oxygen and hydrogen g^ases^ 
^Caroline, True; I recollect perfectly that hydrogen Wonates 
with oxygen when the two gases are converted into watep 

Mrs, B. But let us return to the nitrat of potash. /This salt is 
decomposed when exposed to heat, and mixed with an^combusti- 
ble body, such as carbon, sulphur, or medals, these substances oxy- 
dating rapidly at the expense of (he nitraU I must shqw you an in- 
stance of this. I expose to the fire some^f the salt in a small iron 
ladle, and, when it is sufficiently heated, add to it spme powdered 
charcoal ; this will attract the oxygen fi*om the salt, and be con- 
rerted into carbonic acid.— 

Emily, But what occasions that crackling noise, and those vivid 
flashes that accompany it ? 

Mrs, B, The rapidity with which the carbonic acid m is formed, 
occasions a succession of detonations, which, togeSier with the 
emission of flame, is called deflagraiion. 

Jfitrat of ammonia we have already noticed, on account of the 
gaseous qxydLof nitrogen which is obtained from it. 

,r-^- . ^. 

966. Why is nitre the basis qf mostt detonating compositions ? 

067. What is the cause of the detoqation of gunpowder, when 
fireis set toll? '^ 

966» llirhat causes the detonation when a ^as is destroyed ? 

96SC 4n what instance does the destruction or condensation of 
gases prpdtibe detonation f n \ 

970. When is the nitrat of potash decomposedgpzedbyLnOOQle 
19* 



3^ CABBONIC ACID. 

QyUrcU of Hlver^ is the lanar caustic, so remarkable for its de- 
stroymg animai fibre, for which purpose it is often used by sur* 
gpeonsV We hare said so much od former occasioos, on the mode 
id wmch caustics act on animal matter, that I shall not detain you 
any long-er on this subject. 

We now come to carbonic acio, which we haye already had 
many opportunities of noticing. You recollect that this acid may 
be formedj^y the combastton of carbon, whether in its imperfect 
state of charcoal, or in its purest form of diamoocb And it is not 
necessary, for this purpose, to burn the carbon in oxyen g^, as we 
did in the preceding^ lecture ; for you need only light a piece of 
charcoal, and suspend it under a receiver on the water bath. The 
charcoal will soon be extinguished, and the air in the receiver will 
be found mixed with carbonic acid. The process, however, is 
much more expeditious if the combustion be performed in pure 
oxygen gas. 

Caroline. But how can you separate the carbonic acid, obtained 
in this manner, from the air with which it is mixed ? 

J^Irt, B, I'he readiest mode is to introduce under the recei?er a 
quantity of caustic lime, or caustic alkali, which soon attracts the 
whole carbonic acid to form a carbonat. The alkali is found in- 
creased in weight, and the volume of the air is diminished by a 
quantity equal to that of the carbonic acid which was mixed with it* 
EmUy, r*ray, is there no method of obtaining pure carbon from 
carbonic acid ? 

Jfrs, B. For a long time it was supposed that carbonic acid was 
notdgcompoundable ; but Mr. Tennant discovered, a fewjearsago, 
that^is acid may be decomposed by burning phosphorus m a closed 
vessel with carbonat of soda or carbonat of lime ; the pbosphoma 
absorbs the Oxygen from the carl^nat, whilst the carbon is sepa- 
rated in the form of a black powden This decomposition, however^ 
is not effected simply by the attraonon of the phosphorus for oxygen, 
since it is weaker than that of charcoal ; but the attraction of the 
alkali or Ume for the phosphoric acid, unites its power at the saoae 
time. 
Carolinei Cannot we. make the experiment ? 
Mrs» B. Not easily ; it requires bemg performed with extreme 
nicety, in order to obtain any sensible quantity of carbon, and the 
experiment is much too delicate for me to attempt it. But there 
%an be no doubt of the accuraey of Mr. /Teniyaht^s results ; and all 
chemists now agree, that one hundreid parts of carbonic acid gas 
consists of about twenty- eight parts of carbon to seventy-two of 
oxygen gas. But if you recollect, we d^omposed carbonic acid 
gas the other day by burning potassium iH it. 

Carolint, True, so we Jid; and found the carbon precipitated 
on the regenerated potash. 

^rt. B. Carbonic acid gas is found very abundantly in natare: 
it is supposed to fornyaoout one thousandth part of the atmosphereS 

971. What is nitrat of silver? 

97^2. What gas is produced by the burning of charcoal in oxy- 
gen gas? " ^^ % , cr; J ^ /^ "1 a ' 

Q7J* ^^'^ *' carbonic acid formed ? 

a7c 4n? ^^^ ^*° carbon be obtained from carbonic acid ? 

Q7ft ij • P®*****"* ^^ the atmosphere does this gas form ? 

1*76. How IS the Carbonic acid gas in the atmdsphere prodticed .' 
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dnd 18 constantly produced^ the respiration of animdfiV it exists 
in a great variety of combinauons, and is exhaled from Hmny natu- 
ral decompositions. It is contained in a state of ereat purity in 
certain caves, such as the Orotto dd Cane, near Naples. 

Emily, 1 recollect having read an account of that ffrotto, and of 
the cruel experiments made on the poor dogs, to ^tify the curiosi- 
ty of strangers. 3ut I understood that the vapour exhaled by the 
cave was C9\\ed/^ed airk 

Mrt, B, TbaCjs the fame by which carbonic acid was known 
before its chemical composition was discovered. This gas is more 
destructive of life than any other ; and if the poor animals that are 
submitted to its effects are not planged into cold water as soon as 
they become senseless, they do not recover. It extinguishes flame 
instantaneously. I have collected some in this glass, which I will 
pour over the candle.* 

Cafoline, This is extremely singular — it seems to extinguish the 
light as it were by enchantment, as the gas is invisible. I never 
should have imagined that gas could have been poured like a liquid. 

Mn. B. It can be done i;rith carbonic acid only, as no other gas 
is sufficiently heavy to be susceptible of being poured out in the 
atmospherical air Without mixine^ with it. 

Emily. Pray, bjr what means did you obtain this gas ? 

Mrs, Bi 1 procured it^om marbi^ Carbonic acid g^s has so 
strong an attraction for all the alkanes and alkaline earths^^that 
these are always foand in nature in the state of carbonats. /Com- 
bined with lime, this acid forms Ohalwwhich may be considOTBd as 
the basis of all kinds of marbles, andxStcareous stoneS) From these 
substances carbonic acid is easily separated, as it adheres so slight- 
ly to its combinations, that the carbonats are all decomposable bj 
any of the other acids. I can easily show you how I obtained this 
l^as /T poured some diluted sulphuric acid over pulverized marble 
m tnis bottle, (the same which we used the other day to prepare 
hydrogen gas,) and the gas escaped through the the tube connected 
with itl the operation still continues, as you may perceive— 

Em,t^ Yes, it does ; there is a great fermentation in the g'lass 
Fessel. What singular commotion is excited by the sulphuric acid 
taking possession of the lime, and driving out the carbonic acid ? 

Caroline, But did the carbonic acid exist in a gaseous state in 
the marble ? - 

Jdrt, B, Certainly^ not ; the acid, when in a state of combina- 
tion is capable of existing in a solid form. 

Caroline, Whence, then, does it obtain the caloric necessary to 
convert it into gas ? 

^ Merely pouring it over a candle, will not extinguish it. Put a 
short piece of candle, or taper, into the bottom of a deep tumbler, 
and then pour in the gas, and the flame %Qe* out as quickly as 
though you poured in water. — C. 

977. By what name was this known before its chemical com- 
position wu discovered ? 

978. By what means is this g^as procured for experiment f 
97i>. Of what is chalk formed ? 

980. What is the basis of all kinds of marble and calcareous earths ? 

981. How may carbonic acid be obtained from marble ? 
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JIfff. sfii may be aapplied in this case frod the mixture of sul- 
phuric acichand water, which produces an evolutiou of heat, eyen 
greater than is required for toe purpose ; since, as you may per* 
ceive by toucbinfl^ the glass yessel^a considerable quantity of the 
caloric disengaged becomes sensibleh But a supply of caloric may 
be obtained also from a diminution orcapacity for heat, occasioned 
by the new combination which takes place ; and, indeed, this most 
be the case when other acids are employed for the disengagement 
of carbonic acid gas, which do not, like the sulphuric, produce heat 
on being mixed with water. Carbonic acid may likewise be dit- 
•ngaged from its combinations by heat alone, which restores it to 
its gaseous state. 

Caroline, It appears to me yery extraordinanr that the same gas 
vhich is produced by the burning of wood and coal should exist 
also in such bodies as marble and chalk, which are inoorobustible 
•ubstances. 

Jifr#. B» I will not answer that objection, CaroliHe« because I 
think I can put you in the way of doing it yourself. Is carbonic 
aci(jl combustible ? 

Caroline. Why, no — because it is a body which has been already 
burnt ;* it is carbon only, and not the acid that is combustible. 
Jtfr#. B^ Well, and what inference do yon draw from this ? 
Caroline, ThatKarbonic acid cannot render the bodies with which 
it is united combintible) but that simple carbon does, and that it is 
in this elementary stat^hat it exists in wood, coals, and a great ya- 
riety of other combustible bodies. Indeed, Mrs. B«, you are yeiy 
ungenerous ; you are not satisfied with conyincing me that my ob- 
jections are fnyolous, but you oblige me to proye them so myself. 

Jtfr#. B, Tou must confess, howeyer, that I make ample amends 
for the detection of error, when I enable you to discoyer the tmUi. 
Tou understand, now, I hope, that6arbonic acid is e<)uaUy produced 
by the decomposition of chalk, Vt by the^sombustion of charcoi^ 
These processes are certainly of a yery different nature ;/{n the firti 
case the acid is already formed, and requires nothing inore thao 
heat to restore it to its gaseous state ; whilst m the latter, the acid 
is actually made by the process of combustiom 

Caroline. I understand it now, |)erfectly. 3ut I baye jnst beeo 
thinking of another difficulty, which, I hope, yon will excuse my 
not being able to remoye myself. How does the immense quantity 
of calcareous earth, which is spread all oyer the globe, obtain tfai 
carbonic acid with which it is combined? 
Jtfri. B. The question is, indeed, not yery easy to answer ; bat I 

* SSot burnt in the common acceptation of the word. The carbon 
is already united to oxygen, and therefore has no affinity for it In 
the artificial production of carbonic acid, the carbon is bnrnt—- C. 



982. Whence does carbonic acid obtain the caloric necessary 
toconyert it into g^ ? ' 

983. Will carbonic acid render a body combustible ? 

984. It might be thought that carbonic acid could not be obtain- 
ed from substances so unlike as chalk and carbon^bow is this ob» 
jection answered ? 

986. How do the processes of obtaining carbonic acid from tha 
lecomposition of chalk, and the combustion of charcoal differ ? 
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<SoDceiye tha^ (he general carbonization of calcareous matter may 
ha?e been (he effect of a general combustion,* occasioned by 8X>me 
revolution of our globe, and producing an immense supply of car- 
bo&ic acid, #ith which the calcareous matter became impregnated; 
or that this niky have been effected by a gittdual absorption of car- 
bonic acid from the atmosphere^ But this would lead us todiscus- 
sioDs which we cannot indulge ip( without deviating too much from 
Our subject. 

Emily. Ho# does it happen that we do not perceive the perni- 
cious effectu^f the carbonic acid which is floating in the atmosphere? 

J^Irs, B.^ecause of the state of very great dilution in which it 
exists there^ But can you tell me, Emily, what are the sources 
which keeprlbe atmo^here constantly supplied with this acid ? 

Emily, I suppose^e combustion of wood, coals, and other sub- 
Stances that coOtain carbon. 

Mrt. B, And alsoi the breath of animals 

Caroline. The bre^^thof animals ?• I tbeught' you said that the 
^8 was not at all respirable, but on* the contrary, extremely poi- 
sonous. 

Mn. B. So it is ; but although animals cannot breathe in car- 
bonic acid gas, yet in the process of respiration, they have the pow* 
er of forming this pas in their lungs ;• so that the air which we ex-^ 
pire^oT reject from the lungs, always contains a certain proportion 
of carbonic acid, which is much greater than that which is commen*> 
ly found in the atmosphere. 

Caroline. But what is it that renders Carbonic acid such adead- 
Hy poison ? ^ 

Mrs. B.rThe manner in which this g*as destroys life, seems to be 
ftierely by V^venting the access of respirable u?t for carbonic 
acid gas, unless very much diluted with common atlS does not pen- 
etrate into the lungs* as (he windpipe actually contracts and refu- 
ses it admittance. —But we must dismiss this subject at present, as 
we shall have an opportunity of treating of respiration much more 
fully, when we come to the chemical functions of animals. 

Emily Is carbonic acid as destructive to the life of vegetables as 
it is to thatgf animals ? 

Mr8,B/T(2i vegetable be completely immersed in it, 1 believe 
it general (y^roves fatal to it ; but mixed in certain proportions 
with atmospherical air, it is on the contrary, tery favourable to ve- 
getations 



* This idea is at raudom. We cannot account fbt the origin of 
carbonic acid in its native state any better than we can for oxygen. 
It cannot be the product of combustion, since it existed before the 
gfrowth of combustible materials. — C. 

966. How does marble and calcareous earth obtain its grea 
quantity of carbonic acid ? 

987. Why do we not experience the pernicious effects of tbe car- 
bonic acid in the atmosphere? 

988. How is the atmosphere suppli^ with this acid ? 

989. Why is carbonic acid gas so destructive toaoimflAlife f 

990. Wliat effect does it have on vegetation f 
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Ton Mmember, I suppose, our meDtioning^ the mioeral waters, 
both natural aud artificial, which cootaiu carbonic acid gas ? 

Caroline, You mean the Seltzer water ? 

Mt$, Bo That is one of those which are most used ; there are, 
however, a variety of others into which carbonic acid enters as an 
iofredieot : all these waters are usually distinguished by the name 
omadulout or gtueotu mineral watei^ 

The class of salts c^Med^rbpnaCtm the most numeronsip nature; 
we must pass over them n» a very^ursory manner, as the subject 
is (ar too extensive for us to enter on it in detail, ^he state of car- 
bonat is the natural state of a vast number of minerals, and partic- 
ularly of the alkalies and alkaline ekrths,, as they have so great an 
attraction for the carbonic acid, that they are almost always found 
combined with it] and vou may recollect that it is only by separa- 
ting them from tms acid, that they acquire causticity and those 
striking qualities which I have formerly described. AH marbles, 
chalks, shells, cajqareous spars, and limestones- of every diesqrip- 
tioa, are Qeutral salts, in whichmme, their common basis, has.lott 
sjl its characteristic properties^ 

Emify. But if all these vari(Kis substances are formed by the un- 
ion of lime with carbonic acid, whence arises their diversity i>tt 
htttt and apn^Barance ? . 

Mrs, B.^Doih from the different proportions of (heir component 
parts, and from a variety of fureign ingredients which may he oc- 
casionally blended with thenV; fhe veins and colours of marbles, 
for instance, nroceed from a^rmtture of metallic substance?^ silex 
and alumine also frequently enter into these combinations^ The. 
Tarioiis carbonatSy therefore, which I have enumerated, cannot be 
considered as pure and unadulterated neutral salts, aUhou||^h thej( 
certainly belong to.that class of bodies. 

.1- 



eONTERSATION XEt.. 

ON THE B0SACI6, FLUORIC, HURIATIC, AND OXTOBNATSD MXT-^ 
BIATIG AeiDS; AND ON MURIATS. — ON XDOINS AND IODIC 
ACID. 

Mrs*B, We DOW come to the three remaibinr acids with simpfo 
bases, the compound nature of which, though long suspected, nav 
been but recently proved. The chief of these is the muriatic ;^- 

991. What are the waters called, into which this gas enters as an 
ingredient ? 

992. What are the salts formed by the acid of this gas ? 

993. How extensive is this chass of'saMs, and under what forms 
do they chiefly occur in nature ? 

994. If hme is the common basis of marbles, chalks, shells, eal- 
oireous spars, and lime stones, why is there such a diversitj in 
their form and appearance ? 

996. From what do the veins and colours of marble proceed ? 
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bttt I shall first describe the two others, as their bases ba^e been 
obtained more distinctly than that of the muriatic a<^ 

Youtmay recollect 1 mentioned the boracic ACiD.rrbis is found 
very sparingly in some parts of Europe, but for the uw)f manufao- 
tures we ha?e always received »t from the remote couijiry of Thi- 
bet,' where it is found in some lakes, combined with sodal It is ea- 
sily separated from the boda by sulplmric acid, and apftan in the 
form 6f shining scales, as you see here. 

Caroline. I am glad to meet' with an acid which we need not be 
fllraid to- touch ; for I perceive from your keeping it in a piece of 
paper, that it is more innocent^an our late acquaintance, the sul> 
phuric arM nitric acids. 

Mrt.^» Certainly ; but being more inert, you will not find ita^ 
properties so interesting. However its decomposition, and the 
brilliant spectacle it affords when its basis a^ain unites with oxy« 
^n, atones for its want of other striking qualities. 

Sir H. Davy succeeded in decomposing the boracic acid, (whieb- 
had till then, been considered as undecompoundable,) by variou9< 
methods. On exposing this acid to the Voltaic batteiy, the posi- 
tive wire gave outfexygen, aed on the nenttve wire was de e ssitd l 
a black substance, in appearance resembling cfaarcoaU. This wa8> 
the bMis of the acid, which Sir H. Davy has called ^oracium or 

The same substance was obtained in more 'considerable quanti* 
• ties by exposing the acid to a great heat in an iron gun barrel. 

A tnird method of decomposing the boracic acid 'consisted in bum- 
ring potassium in contact with it in vacuo. The potassium attracts^ 
the oxygen from the acid, and 'leaves its basis ia a separate state. 

The recomposition of this acid I shall show you by burning some 
of its basis, which you see here, in a retort full of oxygen gas. The 
heat of a Candle is aU that is required for this combustion. — 

Emily. The light is astoni^hing^ly brilliant, and what beautiful 
sparks it throws out ! 

Mn. B. The result of this combustion is the boracic <ecid, the 
nature of which, you see,.is proved, both by analytic and synthetic 
means. Its basis ba^ not, it is true, a metallic appearance ; but it 
makes very hard alloys with other metals. 

Etnily. But prdy,i!ifrs.''6. for what purpose is the boraoic acid 
used in manufactured ? 

Mrt. B. Its principal use is in conjunction with soda, that is, in 
the stata^ of bor^ dfstfda, which in the arts is commonly called- bo- 
rax. Mhis salt has a peculiar power of dissolving metallic oxy^ 
and o^promoting the fusion of substances capable of being meltMi 
it ia accordingly employed in various metalbc arts ; it is used,ior 
example, to remove the oxyd from the surface of metals, and is of- 
ten employed in the assaying of metallic ores. jr> 

Let us now proceed to the fluoric acid. /This acid is obtained 
from a substance which is found frequently in inines, and particn- 



996. Where is th^ boraoic acid obtained ? 

997. What is the composition of borax .' 

998. What is the basis of this acid ? 

999. For what purpose is the boracic acid vsed id manufiaLCturaa? 
VIOOO. From what is the. fluoriaaoid obtaioed^gigtized by Google 
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larly in those of Derbyshire, calledT^ii^/a name which it acquired 
from the circumstance of its being useoW render the ores of met- 
als more fluid when hessi^tedj ^ 

Caroline. Pray, is not Uifs thoDerbyshire span^f which so ma- 
ny ornaments are made ? ^ — ^ 

Mrs* B. t*be same ; but thougbi it has long been employed for a 
variety of purposes, its q.ature was unknown until Scheele, the great 
. Swedish chemist, discovered that it consiste(^ lim^jinited with a 
peculiar acid, which ohtamed the name of Jtmnc acM It is easily 
separated from the lime by the sulphuric acid, and unless condens- 
. ed in water, ascends in the form of ga3. A very peculiar property 
of this acid, iuts union with siliceous earths, which 1 have already 
mentioned, ut the distillation of this acid is performed in glass ves- 
sels, they are corr^ed, and the siliceous pjirt of the glass comes 
over, united with the ga^ if water is then admitted, part of the si- 
lex is deposited, as you mzj observe in the jar. 

Caroline. I see white flakes forming on the surface of the water; 
is that silex ? 

JUrg. B. Tes, it is. This power of corroding glass has been used 
for engraving* or rather etching upon it. ^e glass is first oo7er- 
ed with a coat of iwas., through;which the figures to be engraved are 
to be scratched with a pin ; then pouring the fluoric acid over^^he 
wax, it corrodes the glass where the scratches have been mad^ 

Caroline. I should like to have a bottle of this acid to make^n- 
gravings.* 

Mn. B' But you could not have it in a^^cut bottle ; for in that 
case the acid would be saturated with silex, and incapable of exe- 
cuting an engraving ; the same thii^ would happen were the acid 
kept in vessels of porcelain or eartheni^are ; this acid^ust there- 
fore be both prepared and pre^ervednn vessels cf silver 
If it be distiiledifrom fluor spar and Attplic acid, \n silver or leaden 
i vessels, the receiver being kept very cold during the distillatioD, it 
assumes the form of a dense fluid, and in that state is the most in- 
V tensely corrosive substance known* This seems to be the acid com- 

*A bottle of flporic acid is not easily obtained. To make etch- 
iiigv on glass, first^over the glass with a thvi coat of bees wax. — 
This is done by warming it over a lamp, and passing the wax over 
the surface. Then make the drawing by cutting through the wsul 
..quite down to th^glass. Tddo the etching in thk small way, tal^e 
a lead or tin cup, and on the bottom place about a table spoonful of 
pulverized fluor jspar, and on this ..pour lulphuric acid enough to 
moisten it — ^plaqe the glass on the^cup as a cover, with the side to 
be etched downward-^tbi^n set the cop in warm water, or warm 
the bottom oirer a lamp^iaking care not to melt the wax. In 15 or 
20 minutes or more, the etching will be done. In this way, draw- 
ings are easily and beautifully made on glass. C. 



1601. From what does it derive its name ? 

1002. Bv what other name is this acid called ? 

1003. Of what does it consist.' 

1004. What singular effect does it have on glass ? 

. 1005.' How could you describe the method of etching on gliji^s^ 
, 10a6.'Jn what ktndpf voisels majit be preserr^? ^oQle 
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bined wit^ a little water. It mav be c9\ledUi^r(hJluic acM and 
Sir A. DaTy has been led, from fate experimeDts od the subject, to 
consider ^r« fluoric acid as a compound of a certain unknown prin- 
ciple, whicb he CBllsmtiorinhwiih hydrogen. 

Sir H. £>a7y has aUo attempted to decompose the fluoric acid by 
burning potassium in contact with it ; but be has not yei been able 
by this or any other method, to obtain its basis in a distinct separate 
state. 

We shall conclude our accoudt of the acids with that of the muri- 
atic AcipjU^hich is, perhaps, the most curious and interesting of all 
of them, fit is found in nature combined with soda, lime^ and mag- 
nesia^ MuHat of ioda is the common sea salt ; and from this sub- 
8tan<^ the acid is usually disengaged by means of the sulphuric acid. 
The natural state of the rpuriatic acicWs that of an invisible, perma- 
nent gas, at the commontemperaiure of the atmospber^ but it has 
a remarkahje strong attraction for water, and assumes 'Ae form of a 
whitish cloud whenever it meets any moisture to combine with. This 
acid is remarkable for its peculiar aod Yery pungent smell and pos- 
sesses, in a powerful degree, most of the acid properties. Here is a 
bottle containing muriatic acid in a liquid state. 

Caro/ine. And how is it liquefied ? 

Mr». B. my impregnating water with it ; its strong attraction for 
water makes it very easy to obtain it in a liquid form'x Now, if I 
open the phial, you may observe a kind of vapour rinng from it, 
which is muriatic acid ^, of itself invisible, but made appai^ntby 
combining with the moisture of the atmosphere. 

Emily, Have you not anv of the pure muriatic acid gas ? 

^ Jifrs, B. This jar is full of that acid in its gaseous state-r-it is 

Qi^Terted over mercui^ instead of water, because, being absorbable. 

J^ water« this gas cannot be confined by it. — 1 shall now raise the 

jar a little on oae side, and suffer some of the gas to escape. Yoi^ 

see that it immediately becomes visible in the fonm of a cloud. 

EmUy* It must be, no doubt, from its uniting with the moisture of 
the atmosphere, that it is converted into this diwy vapour. ^ 

^ri.B. Certainly; and for the same reason, that is to saj,£it8 
extreme eap^erness to unite withwaterlpis gas will cause snowto 
melt as rapidly as an intense ixh ^^ 

This acid proved much more mractorj, when Sir H- Davy at- 
tempted to decompose it, than the other two undecomposed acids. 
Jt is singular that potassium will bum in muriatic acid, and be con- 
verted into potash, without decomposing tbe acid and the result of 
Hkkin combustion is a maritU o/votath ; rar the potash as soon an it is 
isgenerated, combines with the muriatic acid. 

Caroline. But how can the potash be regenerated if the muriatic 
acid does not oxydate the potassium ? 

Mr», B. The potassium in this process, obtains oxygen from tbe 
moisture with which tbe muriatic acid is always combined, and, ac 

1007. What did Sir H. Davy call this acid ? 

1008. Where is muriatic acid found ? 

1009. What is the natural state f 

1010. How is it li<|uefied ? 

lOl 1. How can this gas be coiifined without a mercurial bath ? 
lOH. What effect will muriatic acid gas hare on snow ? 
1013. Why will it ilielt snow ? 
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cordiog^ly, hydrog^, resulting from the decomposition of the mois^ 
ture, is invariably evolved. 

Emily. But why not make these experiments with dry muriatic adtf? 
Mrs. B. Dry acids cannot be acted on by the Voltaic battery be- 
cause acids are non-conductors of electricitjr, unless moistenedTyq 
the course of a number of experiments* which Sir H. Davy mfde 
upon acids in a state of dryness, he observed that the presence of 
water appeared always necessary .to develope the acid properties, so 
that acids are not even capable of reddening vegetable blues if they 
have be6n carefully deprived of moisture. This remarkable cir» 
cumstance led hiin to suspect, that water, instead of oxygen, may be 
the acidifying principle ; but this he threw out rather as a conjec- 
ture than as an established point. 

SirH. Davy obtained very curious results from burning potassium 
in a mixture of phosphorus and muriatic acid, and also of sujphur 
and muriatic acid ; the latter detonates with great violence. All his 
experiments, boijever, failed in presenting to his view the basis of 
the muriatic aicidjof which he was in search ; and he was at last in- 
duced to form aiApinron respecting the nature of this acid, which 
1 shall presently .e^tplain. 

Emily. f^h\s acid susceptible of different degrees of oxygenation ? 

J(fr«. ^.(Yes| for though it cannot be deoxygenated, yet we may 
add oxygento it. 

Caroline. Why, then, is not the least degree of oxygenation of 
the acid called the muricUouSf and the higher degree the muriatie 
acid ? ^ 

Mrs. J9. (Because, instead of becomiflg, like other acids, more 
dense, and more acid by an addition of oxygen, it is rendered, on the 
contrary, mo^e volatile, more pungent, but less acid, and less absorb- 
able by wate^ These circumstances, therefore, seem to indicate 
the propriety^f making an exception to the nomenclature. ' The 
highest degree of oxygenation of this acid has b^en distinguished by 
the additional epithet of oxygenated, orj for the sake of brevity, oay, 
so thatit i8called^:;yg:ena/edfor oxy-muriatie aeic^ This likewise 
exists in a gaseous'^fcrm, at the temperature of^he atmosphere ; 
it i^ also susceptible of being absorbed by water, and can be con- 
gealed, or solidified, by a certain degree of cold. 

Emly. Apyd how do you obtain th^ oxy-muriatic acid ? 

Mrs. B.flu various ways ; but it may be most conveniently oV» 
tained by distilling liquid muriatic acid over oxyd of manganese, 
which supplies the acid with the additional oxygen. One paK of the 
acid being put into a retort, with twp parts of the oxyd of nranga- 
nese, and the beat of a lamp applied, the gas is soon diseng^aged, vol 



iOI4. Why cannot dr^ acids be acted en by the Vdtaic battopj ? 
J 015. What is the basis of muriatic acid f 

1016. Is this acid capable of combining with different propor- 
tions of oxygen ? 

1017. Why is not the least deg^ree of oxygenation called the onu- 
riatous acid ? 

1018. What is the highest degree of oxygenation of this acid called ? 

1019. How it the oxy-muriatic acid obtained ? 
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may be repeived over water, as it is but sparingly absorbed by im 
I have collected some in this jar — * --/ 

Caroline. It is not invisible, like the generality of g^ases ; for it is 
of a yellowish color. 

Jart, B. The mariatic acid extinguishes flame, whilst, on the 
contrarv, the oxy-muriatic makes the dame lai:ger, and gives it a 
dark red color. Can you account for this difference in the two acids ? 
Emily* Yes, I think so ; ^e muriatic acid ^ill not supply the 
flame with the oxygen n^essary for i(.s support ; but when this 
acid is further oxygenated, it will part with it^ additional quantity 
of oxygen, and in this way support combustionf 

J\ir8. B. This is exactly the case : indeed tie oxygen added to 
the muriatic acid, adheres so slightly to it, that it is separated by 
mere exposure to the sua's rays. This acid is decomposed also by 
combustible bodies, many of which it burns, and actually ioflameS) 
with6ut any previous increase of temperature. 

Caroline, That is extraordinary indeed ! I hope you mean to in- 
dulge us with some of these experiments ? 

Mrs. B. I have firepared several glass iars of oxy muriatic acid 
gas for that purpo^. In the first we shall introduce some Dutch 
l^ld lekf.-^Uo jrou observe that it takes fire f 

Emily. Yes, indeed it does — how wonderful it is ! It became im- 
mediately red hot, but was soon smothered in a thick vapor. 
Caroline. What a disagreeable smell ! 

Mri. B. We shall trv the same experiment with phosphorous in 
another jar of this acid. Tou had better keep your l^andk^rchief to 
yonr nose when I open it— now let us drop into it this little piece of 
phosphorus — ' 

Caroline. It baros teally ; and almost as brilliantly as in oxygen 
gas ! But what is most extraordinary, these combustions take place 
without the metal or phosphorus being previoqsly lighted, or even 
in the least heated. 

Jtfr#. B' AH these carious efEeots arerawing to the very gpreat fa- 
cility with which this acid yields c^ryAn to such bodies as are 
strongly disposed to com^bine with it!\ It appears extraordinfiiry in- 
deed to see Dodies, and metals in pmicular, melted down and in- 
flamed by a gas, without any increase of temperature, either of the 
gas, or of the combustible. The phenomenon, however, is, you see, 
well accounted for. 

Emily. Why did you burn a piece of Dutch gold leaf rather than 
a piece of any other metal ? 
JIfrt* B. Because, in the first place, it is a composition of metals 

* Breathing only a few bubbles of the g2B is attended with bad«- 
sometimes with dangerous consequences. The young chemisti 
therefore, bad better not undertake to make it.— C. 

f According to ihis new theorv of chlorine, as will be explained 
at the end of this conversation, this coitibustion is effected m ^con- 
lequenceof the union of chlorine (or oxy-moriatic acidj with the 
hydrogen of the combustible body. 



1030. Why will the muriatic acid extinguish flame, and oxy 0911- 
riatic acid make it larger, giving it a dark red color ? 

1021. Whj^ will some combustible bodies buroin tip 
out aDyprerioQs increase of temperature? g*^^"" 
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(consisting chiedy of copper) which burns re^ily ; add I use a thite 
metallic leaf in preference to a lump of metal, because it offers to 
the action of the g:a8 but a small quantity of matter under a larg^e 
surface. Filings, or shavings, would answer the purpose nearly as 
well ; but a lump of metal, though the surface troula oxydate with 
jpreat rapidity, wMld not take fire. Pdre gold is not inflamed by 
pxy-muriatic aciwas, but it is rapidly ox;^dated, and dissolved by 
TtT indeed, this acid is the only one that will dissolve gold. 

Emily. This, I suppose, is what is commonly called aqua Yegia^ 
which you know is the only thing that will act upon gold. 

Jdrk, B. This is not exactly the case either; for axiua regia is 
composed of a mixture of muriatic acid «nd nitric acid. — Biit,/iQ 
fact, the result of this mixture is the formation of ozy-muriaitie 
acid, as the muriatic acid oxygenates itself at the expeiyse of the 
nitric ; this mixture, therefore, though it bears the name of nt/ro- 
muriatic acid, acts on^old merely in virtue of the oxy-muriatic 
acid which it containsT 

Sulphur, volatile oiR, and many other substances, will bu1*n in the 
same manner in oxy-muriatic acid gas-; but I have not pr^ared a 
sufficient quantity of it, to show combustion of all thebe booies. 

Caroline, There are several jars of the gas yet remaining. 

Jlfr#. B. We must reserve these for future experiments. The 
oxy-muriatic acidiloes not, like other acids, redden the blue tege- 
table colors ; butvt totally destroys all color, and turns vegetables 
perfectly white\ Det us collect some vegetable substances to put 
into this glass, which is full of g^s. 

Emily. Here is a sprig of mvrtle— 

Caroline. And here some colored paper — 

Mrs, Bi We shall also put in this piece of scarlet riband, and a 
rose^ 

Emily. Their colors begin to fade immediately. But how does the 
gas produce-ihis effect ? 

Jnn, B. (The oxygen combines Vith the coloring matter of these 
substances, and destroys it ; that is to say, destroys the property 
which these colors had of reflecting only one kind*of rays, and ren- 
ders them enable of n^ecting them all, which, you know, will 
make them appear whit^ ^M prints may b6 cleaned by this acid, 
for the paper will be wlMffenCd without injury to the impression, as 
printer's ink is made of materials (oil and lamp black) which are 
not acted upon by acids^ 

jlThis property of theoxy-muriatic acid has lately been employed 
iiPCDanufkctures in a variety of bleaching processes^ but for these 
purposes the gas must be dissolved in water, as the acid is thus ren- 
dered much milder and less powerAil in its effects ; for in a gaseous, 

10^. By what aci^ is gold oxydated and dissolved f 

1023. Why does a mixture of nitric, and muriatic acids dissolve 
gold, wheu neither of them will do it alone ? 

1024. What effect does the oxy-muriatic acid have on vegetable 
colors ? 

1025. Why does it produce this effect? 

1026. Why is it, that the paper of old prints may he cleansed by 
this acid, without any injury to the impression? 

1027. Of what use is the oxy-muriatic acid in maniiAtctores ? 

Digitized by LjOOQIC 



OXT-XUBIATIC Acn>. 288 

itote, it would destroy tke textnre, a» weU as the oobr of the sub- 
stance submitted to its aoUoii. 

CaroUne. Look at the things which we put ifito the .gas ; they 
ba?e now entirely lost their color ! 

Jklr*. B, The effect oi the aoidii almost eomplete^^ aod if we 
were to exaimoe the i|uaDtitythat remains, we riiould find it tocon^ 
sisu^iefly of muriatic acid. 

^he oxy-moriatic «3id has been used to purify the air in ferei 
ho^itals andprisoos,as it bums and destroys putnd.efflufiaef ev^ij 
kind. The infection of the smail-pox is likewise destroyed by ^s 
«is, and matter ^hat has be^ submitted to its influence will oa 
longer generate that disorden 

CanHne. hideed, I think (Be remedy must be nearly as bad as 
the disease; the oxy-mCiriatio acid has such a dreadfully suffocat- 
ing smell. 

Jtfrt* B. It is certainly extremely offeosiye ; but^y keeping the 
mouth shut, wad wetting the nostrils with liquid ammonia, in order 
to neutraiisse the yapor as it reaches the nose, its prejudicial effects 
may be in some degree preyenteJ^ At aoy rate, boweyer, this mode 
of disinfedtioD can^hardly be use/ in places that are inhabited. And 
as the yapor of nitric acid, which is scarcely less efficacious for this 
purpose, is not at all prejudicial, it is usually preferred on such oc- 
casions. 

CaroHne, You haye^iot told us yet what is Sir H. Hayy*8 new 
•pinion respecting the nature of muriatic acid to which you alluded' 
a few minutes ago i 

JIf r#. B. True : I avoided noticing it then, because you could not 
luly^ nnderstood itwithout some previous knowledge of the ozy-mu- 
riatjc acid, which I haye but just introduced to your acquaintance. 

mxlh Bary'sidba is, that muriatic acid, instead of being acorn- 
polrad, consistingof an unknown basis a^doxygen^ is form^ by the 
nniein of oxy-muriatic gas with hydrogeA 

'EnUh/. Qaireyou not told us just now*that oxv-muriatic g^s «ras 
itself 'a compound of tauriatic acid and oxygen r 

Mr*' B. Yesr^ but according to Sir H. D^^vfs byp(Hhesi8,^y- 
nuriatic gas is considered as a simple body* which contains no oxy- 
genu^as a substance of its o#n kind, whf^ has a gre^lt analogy to 
dxygen in most of its properttes, though i;n others it diiffdrs entirely 
from it. According to this y iew of the sul^^ect, the na^ie of -otEy-mu^ 
riaiie a€id can no longer be proper, and therefore, Sir ^. Davy has 
adopted that of ehlorine^ or efibrin^ ^a^^ a name Which Is simplj 
expressiyeof its greenish colorJ and in compliance wmi that phi- 
kMopber*s theory, we haye placM chlorine in our table abK>og the 
'aimple bodies. 

Caroline, But what was Sir H'. Dayy's reason for a^bf^ing an 
^ipinion BO«ontrary to that whieh hadhith^rto pneyailedf 
^ J(fr«. B, There are many circumstances which are favorable to 
(he-new doctrine : but the desarelt and simplest fhct in its suppprt is, 



iQHB, For what medicinal purposes has it been used ? 

1029. 'How may the inconvenience of "^e oxy-muriatic a<fttd be 
jpravented ? 

1030. What does Sir tl. t)avy suppose fnuriatic acid to be^ 
4081. Why is oxy-mudatic acid lately ^aHfid chlorine ?iogle 
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thAt It liydpo|pciB i^ and oxy-nariatic gfm»1ie anized together^ ho&k 
thes^ffases disappear, and mnriatic acid gas is foroMfey 

Emilp That Mems to be a eoknplete proof; it it not coMidored 
as perfectly conclusiyef 

Mn £L Not so decisive «s it appears at first sig^t ; because it is 
arg^ued by those irbo stUi incline to tbe olddoetrine, that Hiariatio 
acid g^8, however dry it may be, always ooetains a certain qnantitf 
.^ water, which is supposed essentml to its foraiatioo. So that, id 
ihe experiment just mentioaed, this water is supplied by the union 
ci the hydrogen g^ with the oxygen of thBoxy^muriatic acid ; and 
therefore the mixture resolves itself into the base of mnriatic acid 
and water, that is, muriatic acid gas. 

Caroline. I think the old tbeonr must be the true one ; for other- 
wise how could you explain theroraiation of oxy-muriaticgas^from 
- a mixture of muriatic acid and oxyd of manganese ? 

J^rt, B Very easily ; you need only suppose that in this prooess 
the muriatic acid is decomposed ; its hydrogen unites wititlibeex^r 
gen of the maogaoese to form water and the chlorine appears in its 
serrate state. 

Emilf/. But hovir can you explain the various combustions which 
take place in oxy-muriatic gas, if you consider it as containing do 
OTygen? ^ 

Jtfri. B. rWe need only suppose that combustion is the result oC 
intense cbehMcal action ;* so that chlorine, like oxygen, is cornbio* 
ing with bodies, forms compounds whiol) have less* capacity for ca- 
loric than their constituent principles, and, therefore, caloric is 
evolved at the moment of their combination^ 

Emify, If, then, we may exphun every tiling by either theory, to 
which of the two shall we give the preference ? 

Mrs. B. It will, perhaps, be better to wait for more deqf stve 
proofs, if such can be obtained, before we decide positively upon tlie 
subject. The new doctrine has certainlv ^inedgronnd very rafMd^y^ 
and may be considered as generally established ; but afear competent 
judges still refuse their assent to it, and until that dieory is establish** 
ed beyond all doubt, it may be 2^ well for us stili occasiooaUy to use 
the language to which chemists have long been accustomed. But 
let us proceed to the examhiation of salts formed by muriatic aoid» 

Among the compound sdlts formed by muriatic acid, the nnina^^ 
aoda^ or common salt, is the most interestiog.f The uses and pro- 

* " Intense chemical action,** neither explain^ the process, nor 
indeed conveys to the mind any definite idea. /The views of Sir H* 
Davy on the composition of chlorine, are oombatted by many of the 
first chemists in England, as well as in this country. The mquist- 
tive reader may become acquainted with the grounds of dispute «n 
both sides by referring tp Oofoper's edition of Thomson's ohem- 
istryVC. 

f According to Sir H. Davy*s view of the nature of the mnrialie 
and oxy-muriatic acids, dry muriat of soda is a compound of sodium 



1032. What are the reasons for supposing that chlorine is not a 
simple substance f , 

1033. How are the combustions in oxy«murintic acid explained^ 
if it does not contain oxygen ? 

1034. WhatUiaidm'theiubjectinthtnoit^,^,,,^,QoO^\z 



imraxAanu 5235 

toerties of this ndt are too weH ktiowD to require mticb cotftneDt. 
Besides the pleasant flavour it .imparts to the food, it is rer^ whole* 
«Ofl|e,'frben not used to excess, as it assists in the process of digestion. 
(Sea-water is the ereat source from which muriat Of soda is ex- 
tracted bf erapdratToo. But it is also found in largfe solid masses in 
tbe boweb of the earth, in England, and in many other parts of the 
worlA 

Emly. I thought tbiit salts, when s^Iid, wene always In the state 
of crystals ; but the eoromon table aadt is in the form of a coarse 
white powder. 

JIfri. B, CrystallilEation depends, as you lAay recolJeGt^fon the 
slow and regular re -union of particles dissolved in a fluids cihnmaii 
sea-salt is only in a state of imperfect crystallization/t^cause the 
process by wbich^ is prepared is not favourable to the formation 
ofregularerystalsJ But if you dissol^ it, and afterwards evaporate 
th&w'ater sItHvly, you Will obtain a regular crystallization. 

{Muriat o/iammonia h another combinatioti of this acid, which we 
haVe alreadjiL mentionedt as the prin^if>al soifi*ce from wttidh acnmo- 
nta is deriv^ 

I can ftf tiSce show fon the formation oC this salt by the immedi« 
ate combmation of muriatic acid with ammonia. These two g^BS jara 
contain, ^e ooe rouHatic acid gas, the other ammoniacal g^ both 
of whichWre perfectly invisible — now, if 1 mix them togetbtfr, you 
see they nnmediat^ form an opaque white cloud, like •mo'ke. If 
a thermometer was placed iA the jar -in which these gases aremized^ 
you would perceive that some heat is at the same time produced* 

Emily, The effects of chemical combinations are, indeed, won* 
derful ! — Bow extraordinary it is that two invisible bodies should 
become visible by 'iheir Union ! 

Jlff<r. B. This strikes you'with astonishment, because it is a phe- 
Domenon which natdre seldom exhibits to our view ; but the most 
common of her operations lire' as wonderful, and it is their frequen- 
cy only that prevents out* reg^arding them with equal admiration. 
What' would be more surprising, for instance, than combustion, were 
it not rendered familiar by ctistom ' . 

Eniilp. That is trtiii. But pray, Mrs. B., is thisWhite cloud the 
salt that prodUt^es ammonia ? How different it is from the solid mu- 
riat of ammonia which you once showed us J 

Jfri. B. It is (he saihe substanee, which first ajipears in the state 
of vapour, but will soon be condensed by cooling against the sides 
of the jar, in the form of very minute crystals. 

We now proceed to the oxy muriata, Kn this class of salts the ovy- 
muriat ofpolath* is the most worthy of our attention, for its striking 

and chlorine, for it may he-formed by the direct combioatioil of ozy* 
muriatic ^s and sodium. In his opinion, therefore, what we com- 
monly call nuriat of soda, contains neither soda nor muriatic acid. 
* Oi^-muriat of potash is prepared h^ passing chlorine through a 
solution of potash in water. The process is long and diflk3uIt<---C. 

1035. Where is the muriat of soda obtained? 

1036. On what does erystallizatioo depeod f 

1037. Why is common salt in a state of imperfect crysallizatiOQ? 
1U38. Of wbatis the muriat of ammonia a combination ? 

1039. What two gases, when mixed, form muriat of ammonia ? 
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propbrties. ^he acid, in tbii state of oombioatum, coatains a still 
greater proportioD of oxyg^eo than wUetk alooe^ 

CftTo/tne. But how^ can the oxy-muriatic sbid acquire ao in- 
crease of ozyg^eo by combiniDg^ with potash^' 

JIfri. B* It does not really acquire an additKobal quaoti^ of oxy- 
gen, ' but it loses some of the niuria^ acid, which produces \bm 
same effect, as the acid which remaiiis is proportienably super- 
WLygeuated. 

If this salt be mixed, and merely rubbed together with salphar> 
phosphorus, charcoal, or indeed any other combustible, it explodes 
atrongJy. 

Caroline. Lik^ g^n-powder, 1 suppose, it is suddenly converted 
into elastic fluids I 

Jtfri. B, Yes .«^l)ut with this remarkable difference, that no in- 
crease of temperature, any further than is produced by gentle fric- 
tion, is required in this instanccL Can you tell me what gases ar« 
generated by the detonation of this salt with charcoal ? 

Emily* liet me con8ider...M;»iU^The oxy-riluriatic acid parts with 
its excess of oxygen to the charcoal, by which means it is convert- 
ed into muriatic acid g^s $ whilst tbe oharcoal, being burnt by the 
oxygen, is changed to ^carbonic acid gas» What l^comet of the 
potash I cannot tell. . . 

Jtfrt. <B. That is a fitied product which remains in the TesseL 

CoitoiifM. But since the potash does not enter into the new com- 
liinations, I do not understand what use it is in this operation. 
Would not the oxy-muriatic acid and the charcoal produce tbe 
"same eff(^t without it ? . 

Mrs. B. No ; ibecause chlorine (or oxy-muriatic acid) does not 
nnite with charcoal, unless oxygen be added to it, and 'this oxygen 
is supplied by tbe potash! 

I mean to show you tb6 experiment, but I would advise you not 
to repeat it alone ; for if ,care be not taken to mix pnly very small 
^naniities at a time, the detonatiop will be-extreoielj violent, and 
may be attended with dangerous eflfedts. You see I mix an exceed- 
ing small .quantity of the salt with aUttle ptfwdereil'charooal, in this 
Wred|;frood mortar, and mb tliem togetheir with, the pestle — 

CmvdiM. Heavens t How can such a loud explosion be prednoed 
by so smkll a quantity of matter ? 

J^rt B. You must cS^nsider that an extremely small quantitv of 
•olid substance may produce a very ereat volume of gases ; and it 
is the sudden evolution of these which occasions the sound. 

* Aeoording to Sir H. Davy^s new .views, just explained, oxy- 
muriat of potash is a compound of chlorine with oxygen tind oxyd 
ofpottssiom. 



1040. What are the peciiliar prope^tlbs of osfy-^taHlbriat of potash ? 

1041. Why will the oxy-munat of 'potash ext>lode if mixed and 
nibbed toffetber with sulpHnr, phosphorus, charcoal, or any other 
combustible substance f 

104S. What gases aire gtoerated l^ the illetonafidn of fhii salt 
with charcoal ? 

1043. Why would hot the same eflfoot be pirodnded by tbe oxvw 
' Anriatic ac^ and dfaiufcoal tHthottt thefOtash ? 
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Emily. Wodid not ^zy-muriat of potaslTSmake stronger gun- 
powder than nitrat ofj^ash ? ' 

Mrt. B. Yen ; bntyChe preparation, as Well as the use of this salt, 
is attended with so nmch danger, that it is never employed for that 
purpose^ 

Caromu, There is no c^use to regret it, 1 think ; for the com- 
mon gun- powder is quite sufficiently destructire. 

Mrf. B. I can show ton a very curious experiment with this 
sait ; but it must again be on condition that you will never attempt 
to repeat it by yourselves, i^row a small piece of phosphorus 
into this glass of water; then a little oxy-muriat of potash; and 
lastly, I pour in (by means of this funnel, so as to bring it in con- 
tact with the two other ingredients at the bottom of the glass) a 
small quantity of sulphuric acid4- 

Caroliru. This is, indeed, a beautiful experiment ! The phospho- 
fas takes fire and bui^s from the bottom of the water. 

JSmify, How wonderful it is to see flame bursting out under wa- 
ter, and rising through it ! Pray, how is this accounted for.? 

Jtfri. B, Cannot Tou find it out, Caroline ? 

Emily. Stop— I think 1 can ezplanl it. Is it not because ((be 
-sulphuric acid decomposes the salt by t;ombining with the potash, 
80 as to liberate the ozy-muriatic acid gas by which the phosphorus 
is set on fire f 

Mrt, B, Vbry well, Emily ; and with a little more reflection you 
wo^ld have discovered another concurring circumstance, vifhich is, 
that an increase of temperature is produced by the mixture of the 
sulphuric acid and water, which assists in promoting the combus- 
tion of the phosphorus. 

I must, before we part, introduce to jour acquaintance the new- 
ly discovered substaiy^e, iodine, which you may recollect we 
placed next to oxygen and chlorine in our table of simple bodies. 

Caroline, Is this also a body capable of maintaining combustion 
Hke oxygen and chlorine f 

Mn. B. It is ; and although it dees not so generally disengage 
light and heat from inflammable bodies, as oxygen and chlorine dA 
yet it is capable of combining with most of them : and sometimes; 
as in the instance of potassiotn and phosphorus, the combination is 
attended -with an actual appearance of light and heat 

Calrdline. "But what sort of substance is iodine ; what is its form 
and colour? 

Jlfrf B. It is a very singular body, in many respects. At the or- 
^nary temperature of the atmosphere, it commonly appears in the 
form of bluish-black crystalline scales'! such as you see in this tube. 

Caroline, They shine like black lead, and some of the scales have 
the shape of lozenges. 

Mrt, B, That is actually the form which the crystals of iodine 



1044. From what may a stronger gun-powder than that now 
used be made ? 

1045. Why is it not used f 

1046. How may phosphorus be set on fire in water ? 

1047. Why is this eflect produced ? 

1048. How does iodine differ from oxygen and chlorine ^ 

1049. How doM iodine appear? o,„,,,,GoogIe 
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ofteD assome. But ^f we beat them geotlf by holding the tabe 
oyer the flame of a candle, aSe what a changQ takes pUae-iB thost. 
• Caroline, flow cm ions ! They seem to melt, and the tube im- 
mediately fills with the beautiful violet vapour!^ But look, Mrs. B., 
Ihe same scales are now appearing at the otb^ end of the tube. 

Jdr*. B. This is, in fact, a sublimation of iodine, from one part 
of the tube to another; but with this remarkable peculiarity, that 
while in the gaseous state, iodine assumes that bright violet colour, 
which as you may already perceive, it loses a^ the tube cools, and 
the substance /esumes its usual solid form, /it is from the violet 
oolour of the g^s that iodine has obtained its BameA 

CarolineyJBut how is this curious substance obtinoed ? 

Mrs, B,lji is found in the ley of ashes, of sea-weeds, after the 
Boda has been separated by crystallization ; and it is disengaged 
by means of sulphuric acid, which expels it from the alkaline leT 
in the form of a violet gas, which may be cc^lected and condensecT' 
in the way which you have just seen This interesting discover/ 
was made in the year 1812, by M.Courtios,a manufacturer of salt* 
petre at Paris. 

Caroline. And pray, Mrs. B., what is the proof of iodine being a 
■imple body ? ^ 

Mrs, B, It is considered as a simple body, both mecause it is not 
capable of being resolved into mother ingredients ; Slid because it is 
Itself capable of combining with other bodies, in a manner anala* 
zpxjA to oxygen and chlorineN The most curious of these combina- 
pons is that which it forms w/th hydrogen gas, the result of which 
is a peculiar gaseous acid, 

Caroline. Just as Chlorine iand hydrogen gas form muriatic acid. 
In this respect chlorine and iodine seem to bear a strong analogy 
to each other^ 

Mrs, B, piat is indeed the case ; so that if the theory of the 
constitution of either of these two bodies be true, it must be true 
also in regard to the other ; if erroneous in the one, the theory 
must fall in both. 

But it is now time to conclude ; we have examined such of the 
acids and Sdlts as I conceived would appear to you most interesting* 
I shall not enter into any particulars respecting the metallic acids, 
as they offer nothing sufficiently striking for our present purjNise. 



CONVERSATSON XX. 

ON Tl^K NAITURB AKD COMPOSITION OF VBOETAJIUM. 

Mrs. B, We have 'nithejcto treated only of the simplest cbmbioa- 
don of elements, suchifts alkalies, earths, acids, compound salts, 

1050. How can you show the violet coloured gas f 

1051. From what does iodine obtain its name? 
1051. How is iodine obtained f 

1053. Why is iodine reckoned a simple body ? 

^2^** \5 ^^^^ respect do chlorine and iodine resemble each other ? 

i055. What ai« the simplest combinatiow of elemej^ii 
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stoDes, kc^ aU*of which belong to the mineral kingdom. It is time 
nofr to tunf our attention to a more complicated class of compounds, 
that of ORaANiZED BODIES, which will furnish us with a new source 
of instruction and amusement. 

Emily* By organized bodies, I suppose you mean the vegetable 
and animal creation ? I hare, however, but a very vague idea of 
the word organization, and 1 have often wished to know more pre- 
cisely what it means. 

Jan. J5/0rganized bodies are such as are endowed by nature 
with various parts, peculiarly constructed and adapted to perform 
certain functions connoted with lifet\Thus you may observe, that 
^ineral compound^ are formed by -we simple effect of mechanical 
in* chemical attraction, and may appear to some to be, in a great 
measure, the productions of chance ; whilst organized bodies bear 
the most strikmg and imoreBsive marks of designland are eminent- 
ly distinguished by that^known principle, calWB Kfiy from which 
the various organs derivVthe pOwer of exercising their respective 
functions^ 

Caroline, But in what mannei* does life enable these organs to 
perform their several functions ? 

Mrs, B. That is a mystery which, I fear, is enveloped in such 
profound darkness, that there is very little hope of our ever being 
able to unfold it. We most content ourselves with examining the 
effects of this principle ; as for the cause, we have been able only 
to give it a name, without attaching any other meaning to it, than 
the vague and unsatisfactory idea of an unknown agent. 
Caroline, And yet I think I can form a very clear idea of life. 
JIfri. B' Pray Jet me hear how you would define it ? 
Caroline. It is, perhaps, more easy to Conceive, than toezpress*- 
let me consider— Is not life the power which enables both the ani- 
mal and the vegetable creation to perform the various functions 
which nature has assigned to (hem ? 

Jtf^ B, I have nothing to object to your definition ; but you will 
allow me to observe, thSit you have only mentioned the effects 
which the unknown cause produces, without giving us any notion 
of the cause itself. 

EmUy, Yes, Caroline, you have told us what life does, but yoa 
have not told us i^hat it i*. 

Mrt. B. We may study its operations ; but we should puzzle our- 
selves to no purpose by attempting to form an idea of its real natur^. 
We shall begin with examroing Hs effects ix^he vegetable worlds 
vhich constitutes the simplest class of organize«l bodies ; ^ese w1§ 
shall find distinguished from the mineral creation, not only by their 
more complicated natuVe, but by the power which they possess wiUi- 
in themselves, a( formitognew chemical arrangements of their con- 
stituent parte, by means of appropriate oreans. Thus, though all 
regetables ^ ultimately composed of hydrogen^ carbon, and oxy- 
gen, (with afew other occasional ingredients,! they separate and 

1056. What are organized bodies? 

1057. How do they differ 4rom inorganic matter ? 

1058. What is life in its philosophical acceptation ? 

1059. What is the simplest class of organized bodies ? 

1060. Of what are vegetables roosUy comp^^,?,^ Google 
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combioe these prtociples, hj^ir rarioas <h'^d35 inatbousaiMl 
ways, and form, with them, different kinds of juices and solid parts, 
which exist ready made in yegetables, and may, therefore, be con- 
sidered as their immediate materials. 
These ftre : 

iMucilage, Crutn Resins^ 

Stigar, Balsams^ 

FectUih CamOehoue^ 

Gluten^ Extractwe colouring Matter, 

Fixed Oil, Tannic 

Volatile OH, Woody Fibre, 

Camphor. ' Fege^le Acidt, kd 

Caroline, W hat a lonf list of names kl did not^np^e that avi^ 
getable was composed of half so many ingredientw 

Jlrt. B. You must not imagine that every one^f these materiak 
is formed in each individual plant 1 only mean to say, that they are 
all derived exclusively from the vegetable kingdom. 

Emily* But does each particalar part of the plant, such as the 
root, the bark, the stem, the seeds, and leaves, consist of one of 
these ingredients only, or of several of them combined together ? 

JUrs, B.nbelieve there is no part of a p^o^wbich can be said to 
consist soleV of an^ one partic«lar ingredienn a certain number 
of vegetable matenals must always be combirod for the formation 
of any particular part, (of a seed for instance,) and these cofnbina- 
tions are carried on by sets of vessels, or minute organs, which se- 
lect from other parts, and bring together, the several principles re- 
quired for the developement and growth of those particular parts 
which they are intended to form and to maintain. ^^ 

Emily, And are not the^^ combinations always regulatediSy the 
laws of chemical attractionr v 

jura, B, No doubt : the^rgans of plants cannot force principles 
to combine which hare no attraction for each other ; nor can they 
compel superior attractions to yield to those of inferior pow^ ; ther 
probably act rather mechanically, by bringing into contact sucin 



principles, and in such proportions, as will, by their chemical ( 
bination, form the various vegetable prodiiots. 

Caro/»n«., We may then consider each of these oigaos as acnri- 
ously ^eastilicted apparatus adapted for t^ perfinrmance of m va- 
rietr of chemical prooesset!>^ 

Mr$, B' Exactly so. As ]0ng as the plant lives and thrives, the 
carboB, hydrogen, and oxygen, (the clflef constituents of its imme- 
diate roaiterials,| are so ba&noed. foA connected together, that they 
tst% not susceptible of entering mto other* combin||tions ; but no 
eooner does death take place,, Uian this state of equilibrium is de- 
stroyed and new combmations produced. 



1061. What are the ingredients of vegetables ? 

106^ Is it to be supposed that all these ingredients exist in m sin- 
gle vegetable ? 

1063. And does any vegetable or any part of one consist solely 
of a single one of these ingredients ? 

^^*'«P? ^*»at aVethecombinaUons in the vegetable kinydom 

1065. How may the organs of plants be considered ?'^8^^ 
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Emilif. B^^ ^^J should death destroy it ? for these principles must 
remain in the same proportions, and consequently, I should suppose, 
in the same order of attractions? 

Jlfr«. B. You must remember, that4n the rentable, as well as in 
the animal kingdom, it is by the principle of /t/e that the organs are 
enabled to act ; when deprived of that agent or stimulus, their power 
ceases, and an order of attractions succeeds, simijar to that which, 
would take place in mineral or unorganized, matte^ 

Emily, In this order of attractions, 1 suppose, tlrat destroys the 
orgfanization of the plant after death ; for if the same combinations 
still continued to prevail, the plant would always remain in the state 
in which it died ? 

Mrt* B. And that, you know, is never the case ; plants m|ky be 
partially preserved for sonte time after death, by drying ; but^n the 
natural course of events they all return to the state of simple ele- 
ments; a wise and admirable dispensation of Providence, by which 
dead plants are rendered fit to enrich the soU, and become subser- 
vient to the nourishment of living v^getfiblesj 

Caroline. But we are talking of the dissdiutiion of plants, before 
we have examined them in their living state. 

J^r^, B. That is true, my dear. But I widhed to give yoU a gen-^ 
eral idea of the nature of vegetation, before we entered into par^ 
ticnlars. Besides, it is not so irrelevant as you suppose to talk of ve^ 

fetables in their dead state, since we cannot analyze them without 
estroying life ; and it is only by hastening to suiimit them to ex- 
amination, immediatelv after thejr have ceased to Ijye, that we can 
anticipate their natural decomposition. Thpre are two kinds^of afla- 
Ivsis of which ve^tables are susceptible ; /first, that which separates 
tnetn into their immediate roatenals, siidh as sap, resin, mucilage, 
&cj>^ondly, that which decomposes them into their primitive 
elemots, as carbon, hydrogen, and oxygen) 

Emily, Is there not a third kind ef analyril of plants, which con- 
sists in separating th^ir various parts, as the stem, the leaves, and 
the several organs of the flower ? 

Mrs, B, That, my dean i^ rather the department of the botanist; 
we shall consider these different parts of plants only, as the organs 
by which the various secretions or separations are performed ; but 
we^nst first eiamine the nature of tnese secretions. 

^e sap is the principal material of vegetables; since it contains 
the ingredients that nourish every part of the plsCnt. l^e basis of 
this juice, which the roots suck up from the soil, i^aterp this holds 
in solution the various other ingredirats required bvlhe several 
parts of the plant, which are gradually sccretcMi frpm the sap by the 
different organs appropriated to that purpose, as it passes them in 
circfflating through the plant. 

mucus, or mucilage^ is a vegetable substance, which, like all the 

1066. Why should death destroy ve^table combinations ? 

1067. What is an admirably wise dispensmtion of Providence in 
regard to the nature of plants ? 

1068. Of how many kinds of analysis are vegetables susceptible ? 

1069. What is the first ? 

1070. What is the second ? 

1071. What is. the principal material of vegetables ' 

1072. What is the basis of this juice? .^ i 
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others, is secreted from the sap ; when in excess, it exudes from the 
trees in the form of g^unft 

Caroline* Is that the 'gum so^requently used instead of paste or 
gluel V 

Jm's. R, It is ; almost all fruit trees yield some sort of gum, but 
that most commonly used in the arts is^ obtained from a species of 
acacia-tree, in Arabia, and is called gum arable; it forms the chief 
nourishment of the natires of those parts, who obtain it in great' 
quantities from incisions which they make in the trees. 
Caroline, Idid not know that gum was eatable. 
Mrs. B, There is an account of a whole ship's company being 
saved from starving by feeding on the cargo, which was gum sen- 
ega!. I should not, however, imagine, that it would be either a plea- 
sant or a particularly eligible diet to those who have not, from their 
birth, been accustomed to it. It is, however, frequently taken me- 
dicinally, and considered as very nourishing. Several kinds of ye- 
getable acids may be obtained, by particular processes, from g^m 
or .noucilage, the principal of which is called the mucous acid. 

iSugor is not found in its simple state in plants, but is always mix- 
ed with gum, sap, or other ingredients : this saccharine' matter is to 
be met with in every vegeta^ble^sj^t abounds most in roots, fruits, 
and particularly in the sugar cade^ 

Emily. If all regetables contftm sug^r, why is it extracted ex- 
clusively from the sugar-cane ? 

Jlfr«. B. /Because it is both most abundant in that plant, and 
most easily Vbtained from it* Besides, the sugars produced by oth^ 
yegetables differ a little in their nature^ 

During the late troubles in the West Indies,. when Europe was 
but imperfectly supplied with sugar, several attempts were made to 
extract it from other yegetables, and very good sugar was obtained 
from parsnips and froni carrots ; but the process was too expensive 
to carry this enterprize to any extent. 

Caroline. I should think that sugar might be more easily obtained 
from sweet fruits, such as figs, dates, &c. 

Mrs. B. Probably ; but it would be still more expensive, from 
the high. price of those fruits, and it would not be exactly like com- 
mon sugar.^ 

Emily. Pray, in what manner, is sugar obtained from the sugar- 
cane? 



* Some foreign chemists (MM. Ktrfcoff, Braconnot, &c.) have 
found that if starch be boiled for a long time in water containing 
one fortieth part of sulphuric acid, and evaporated down to a certain 
consistence, the solution of starch concretes, in cooling, into a solid 
brownish mass, which has the taste and other general properties of 
sugar. During this process, no gas is disengaged, and the acid is 
not decomposed. 

1073. What is the mucilage of vegetables ? 

1074. What uses are made of mucilage or gum f 

1075. In what state does sugar naturally exist ? 

1076. In what does it mostly abound ? 

1077. If it is found in all vegetables, why is it extracted from su- 
garcaneonly? 
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%Wr«. B. The juice of ihitf plant is first eipressed by passing it 
between t?^o cylinders of iron. It is then boiled with liine-waler, 
which makes a thick scum nse to the surface. The clarified Mquor 
is let off below, and evaporated to a very small quantity, after 
which it is suffered to crystallize by standing in a vessel, the bottom 
of which is perforated with holes, that are imperfectly^ stopped in 
order that the syrup may drain off. The sugar obtained by this 
process is a coarse, brown powder, commonly called raw or moist 
sugar; it undergoes another operation to be refined and converted 
into loaf su^r. For this purpose it is dissolved in water, and after- 
wards purified by an animal fluid called albumen. White of eggs 
chiefly consists.of this fluid, which is also one of the constituent parts 
of blood : and consequently eggs, or bullock's blood, are commonly 
used for this purpose. 

The albuminous fluid being diffused through the s^rup, combines 
with all the solid impurities contained in it, ajjd inses with them to 
the surface where it forms a thick bcuim; /ne clear liqupr is then 
again evaporated to a proper consisteno?, ahd poured mto moulds, 
in which, by a confused crystallization, it forms loaf sugar. But an 
additional process is required to whiten it ; to this effect the mould 
is inverted, and its open base is covered with clay, throug"h w^hich 
water is made to pass ; the water slowly tricklingjthrough the sugar 
combines with and carries off the t;olouring mater) 

Caroline. I am very glad to hear that the blood that is used to 
purify sugar does not remain in it ; it would be a disgusting idea. I 
have heard of some improvements by the late IVIr. Howard in the 
process of refining sugar. Fray what are they ? 

Mrs, B. It would bejnuch too long to give you an account of the 
process in detail. But^e principal improvement relates to the mode 
of evaporating the syrup in order to bring it to the consistency of 
sugar. Instead of boiling the syrup in a large copper; oyer a strong 
fire, Mri Howard carries 6ff the water by means of a lar^e air pump, 
in a way similar to that used in Mr. Leslie^s experiment for freezing 
water by evaporation ; that is, the syrup being exposed toa vacuum, 
the water evaporates quickly, with n6 greater heat than that of a lit- 
tle steftm, which is introducea round the hoiler. The air-pumnis of 
course of large dimensions, and is worked by a steam engines A 
great saving is thus obtained, and a striking instance afforded m the 
power of science in suggesting useful economical improvements. 

Emily, And pray bow are sug^r-candy and barley-sugar pre- 
pared ? 

Mrs, B, jCandied sug^r is nothing more than the regular crystals, 
obtained uj slow evaporation from a soltition of sugar. Barley- 
sugar is sugar melted by heat, and afterwards cooled in inoulds of 
a sj^iral form^ 
^ugar may be deeoro posed by a red heat, and, like all other ve- 
getable substances, i'esolved into carbonic acid and hydrogenj The 
formation and the decomposition of sugar afford many verynnter- 
esting particulars, which we shall fully examine after having gone 

1078. In what manner is sugar obtained from su^rar^cane ? 

1079. How is sugar refined or couverted into loaf sugar ? 

1080. What is Mr. Howard's improvement for refining sugar ^ 

1081. How is sugar-candy and barley-sugar prepared ? 

108^. How may sugar be decomposed, and what is the product ^ 
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through the other materials of rc^etables. We shall find that there 
isreasoo to suppose that sugar is not like the other materials, se- 
creted from the sap by appropriate organs ; but that it is formed by 
a peculiar process with which you^ere not yet acquainted. 

C(iro/tn«.\.Pray, is not honey of the same nature as sugar ? 

Mrs, B. (Uon^y is a mixture of saocharine matter -and giim^ 

Emily, rthought that honey was in some measure an animafl sub- 
stance, as it is prepared by the bees* 

Jlfri. B, It is rather collected by them from flowers, and convey- 
ed to their store-houses, the hives. It is the wax only that under- 
goes a real alteration in the body of the bee, and is Whence convert- 
edjuito an animal substance.* 

Alanna is another kind of sugar, which is miited with a nauseous 
extractive matter, to which it owes its peculiar taste and colour.^ It 
exudes like gum from various trees in hot Qlimates, some of which 
have their leaves glazed by it/ 

The n^t of the ve^table materials w/ecula; Inis is the general 
name g^v^n to the £atrinaceous substance contained in all se^s, and 
in some roots, as the potatoe, parsnip, &c^ It is intended by nature 
for the first aliment of the young veretaole ; but that of one parti- 
cular grain is become a favourite and most common food of a large 
part of mankind. 

Emily, You allude, I suppose, to bread, which is made of wheat 
flonr?- 

Jlfr#. B, Tes. The fecula of wheat contains also another Tege- 
table substance which seems p^uliar to that seed, or at least has not 
as yet been obtained from any other. ThisMs gluten^ which is of a 
sticky, ropy, elastic. nature)( and it is suppobed lo be owing to the 
viscious qualities of this stfostance, that wheat-flour forms a much 
better paste than any other. 

Emily. Gluten by^^our description, must be very like gum ? 

J(fr«. jB.In their sticky nature they certainly have some resem- . 
blance ; but gluten is essentially diflerent from gum in other points, 
and especially in^ bein? insoluble in watej, whilst gum, you 
know, is extremely'solubl^ 

The oi/«^ contained in vi^etables albconsist of hydrogen and car- 
bon in various proportions^ They areVof two kiods,jlia?e^ and volo' 
Hle^ both of which. we formerly mentioned. Do you remember in 
what the difference between fixed and volatile oil consists ? 

Emily, If 1 recollect rightly ,^Ce former w decomposed by heat, 
whilst the latter are merely volalilized by iDt 

* It was the opinion of Ho her, that the bees prepared the. wax from 
hon^ and sugar. There is, however, found on the l^ves of some 
plants a substance, having all the properties of wax ; and that bees- 
wax itself is notan animal substance, is clear from its analysis^C* 

1083. Of what does honey consist ? 
10R4. What is said of the wax of bees ? 

1085. What is manna ? 

1086. What is the fecula of vegetables ? 

1087. What is gluten ? 

1088. How does gluten differ from gum ? 
iS^' S^^^^^'^^^'^^efiretable oils consist? 

1090. What is the difference between fixed and volatile oils ? 
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Mrs, B, Very well. »Mxed oil is contaioed only in the seeds of 
plants, excepting in the olive, in which it is produced in, and ex- 
press^ from, the fruit!> We have already observed that seeds con- 
tain also fecula ; these^o 8ubstances,united with a little mucilage, 
form the white snbstance contained in the seeds or kernels of plants, 
and is destined for the nourishment of the yooog plant, to which the 
seed gives birth. The milk of almonds, which is expressed from 
the seed of that name, is composed of those three substances. 

Emily, Pray, of what nature is the linseed oil which is used in 
paiLtiftg? 

'Jdrs, B, It is a fixed oil, obtainedflrom (he seed of fla^ Nut 
oil, which is frequently used for the same purpose, is eitpressed 
from walnuts.^ 

Olive oil is that which is best adapted to culinary purposes, 

Caroline, And what are the oils used for burning? 

Mrt. B* ^nnnal oils, most commonly ; but the preference given 
to them is Win^ to their being less expensive ; for vegetable oils 
bum e(maily well, and are more pleasant, as their smell is not of- 
fensive^ 

Emiiy, ^nce oil is so good a combustible, what is the reason 
that lamps sgi frequently re<[uire trimming ? 

Mrs, B, j^is sometimes proceeds from the construction of the 
lamps, which may not be sufficiently favourable to a perfect com- 
bustion ; but there is certainly a defect in the nature of oil itself, 
which renders it necessary for the best constructed lamps to be oc- 
casionally trimmed. This defect arises from a portion of mucilage 
which 4t is extr£»nely difficult to separate from the oil, and which 
being a bad combustible, gathers round the wick, and thus im- 
pedes its combustion, and consequently dims the lighfl^ 

Caroline, But will not oils burn without a wick ? '^ 

Jdrs, B, Not unless their temperature be elevated to five or six 
hundi*ed degrees ; the wick apswers this purpose, as I think I once 
before explained to yov. /The oil rises between the fibres of the 
cotton by capillary attractren, and the heat of the burning wick 
volatilizes it, and brings it successively to the temperature at which 
it is combustiblA 

Emily, I suppf^e the explanation which you have given with re- 
gard to the necessity of ttimming 4amp^, applies also to candles, 
which so often require snuffing ? 

Mtt, B, I believe it does ; at least in some degree. But besides 
'^be circumstances just explained, tlve common sorts of oils are not 
very highly combustible, *80 that ^he heat produced by a candle, 
which is a coarse kind of animal oil, being insufficient to volatilize 
them completely, a quantity of soot is gradually deposited on the 
'^wick, which dims the ti^ht, and retards the'cdmbYkstionA 

Caroline, Wax candles, then, contain d6 incombustible matter, 
since they do iiot Yeqiiire snuffing ? 



1091. From what part of filants tire fixed oils obtained ? 

1092. From what is linseed eil obtained ? 

1093. What oils best for "burning ? 

1094. Since oil is a goodoombustible, what is the reason thai: 
^krops require so frequent trimming ? 

1095. What is the use of wicks in lamps ? ^ ^^^^ ^ GooqIc 
•1096. Why do candle^ more than lamps require trimmiG^ r 
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Jtfrt. B.(^ax is t moch better combostiSle fban talloiribiit . 
still not pemctly 8o, since it likewise contains some particlerthat 
are unfit for burning ; but when these gather round the wick, 
(which in a wax light is comparatiTely small,) they weigh it down 
OQ one side, and fall off together with the burnt part of the wick. 

Caroiine* As oils are such good combustibles, 1 wonder that Ibey 
should require so great an eleraUon of temperature before they be- 
gin to bum ? 

Jirt. B. Though fixed oils will not enter into actual combustion, 
below the temperature of about four hundred degrees,'^ yet they 
will slowly absorb oxygen^ the common temperature of the at- 
mosphere. Hence arises a variety of change in oils which modify 
their properties and uses in the arts. 

If oil simply absorbs^ and combines with oxygen, it thickens and 
changes to a kind of wax. This change is observed to take place 
OD the external parts of certain yegetables, even during their life. 
But it happens in many instances that the oil does not retain all 
the oxygen which it attracts, but that part of it combines with, or 
bums the hydrogen of the oil, thus forming a quantity of water, 
which gradually goes off by evaporation, in this case', the altera- 
tion of the oil consists not onljr in thesMidition of a certain quantity 
v«f oxygeu, but in the diminution of the h^rogen. These oils are 
disUnguished by the name of drying oiU. ^inseed, poppy, and nut 
oils^are of this description. ' V 

Emily, I am well acquainted with drying oils, as I continually 
'MBLse them in painting. But I do not uaderstand why the acquisi- 
tion of oxygen on one band, and the loss of hydrogen on the other, 
should reo&r them drying. 

Jlrt, B.[ This, I ^en oe ive, -may arise from two reasons ; either 
from the ojbygen which is added bein^f less favourable to the state 
of fluidity than the hydrogen, which is subtracted ; or from this 
additional quantity of oxygen giving rise to new combinattona, in 
consequence of which the most fluid parts of the oil are liberated 
and volatilized. 

For the purpose of painting^, the drying quality of oil is further 
increased by adding a quantity of oxyd of lead to it, by which 
means it is move rapidly oxygenated^ ^ 

The TCuicidity of oils is likewise <mingito their oxygenating In 
this case, «i new order of attraction take^place, from whicn pe- 
culiar acid is formefl, ' called the tebaeie add, 

Caroline, Since the nature and composition of oil is soweM 
known, pray, could not oil be actually nuufe, by combining' its prin- 
ciples ? 

* This statement is too low. ^one of the fixed oils boil at & lest 
^temperature than 600 decrees, nor wiU they bum until ^onrerted 
into vapour ; consequently they cannot bum at a lower tempers* 
ture than 600.— Cft 

1097. Why are wax better than tallow candles ^ 

1098. What Elevation of temperature is neoessanr in order to 
bum oil? ^ 

J099. What are the principal drying oils? 
•ef oiU? ^ ^^ ^^ ^*^^ ^^ '®*^ increase the drying qualttj 
1101. To what it the rancidity of oil owii^fN by Google 
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Mrs. B. Tiat is by no mitens a necessair conseiitieiUi^ ; for 

there are inDameralile Tarieties of conpound bodies which we can 

decompose, altboagb we are unable to reunite their ingredients. 

^rhis, however, is not the 6ase with oil, as it has very lately been dis- 

^"CoVered ^t it is possible to foite oil, by a peculiar process, from 

the action of oxygenated muriatic acid gas on ^dro-carbbnai«* 

We now pass tq^be^o^tfe or eiicrUvaiiUM Tbese fonti tite^iasis 
of all the vegetabm perfumes, andyfiTre'contaiined, more or less, in 
every part of the plant excepting tlm see^ they are, at least, n^er 
found in that part df the s^ which'contnns tM embryo plant. 

Eihilp, The smeU offlowers, then, proceedsptom yolatile tmh 

Mrs. B, Certainly ; but AEis oil is often dkiBt abundant iirthe 
rind of fruits, as in 6ranges,)eroon8, &c., from which it may be ex- 
tracted by the slightest pressure; it is found also in the leaves of 
plants, and even m the wood a 

Caroline* Is it not very pfentiful in the leaves of mini) . and of 
thyme, and all the sweet smelling herbs ? 

Mrs. B, Yes: rtimarkably so; and in geranium leaves also, 
which have a much more powerful odour than the flowdrs. 

The perfume of sandal rans is an instance of its existence in wood. 
In short, all vegetable odours or perfhmes 'are produced by the 
evaporation of particles of these volatile oils. 

EmiJjf. They are, I suppose, very light, t|nd of very thin consist- 
ence, since they are volatile ? 

JIfri. B. They vary very much in this'resp^t, someof them be- 
ing as thick as butter, whilst others are as fluid at water. In order 
to be prepared for perfames« or essences, these oils are $rst proper- 
ly purified, and then, either distilled wHh spirit of wine, as is the 
case with Iftvender water, or simply mixed with a large proportion 
of waj^, as is oftto done with reganl to peffpermint 'Frequently, 
also/these odoriferous Waters are prepared nierely by soaking the 
planV in water, and distilling The water then c^mes over im- 
pregnated with tbie vohitile'oil.^ 

CaroHne* Sucb waters are frequently used to take spots of 
' grrease out of cloth, or silk : how do they produce that effect ? 

Jtfff . B. (Sycombining with'the substance that fomUs these stains ; 
for volatile^oiis, ttnd likewise the spirit in which they tire distilled 
will dissolve wax,'tidlow, speitoaceti, and resinA if^ therefore, the 

* Hydro-carbonate, is also called olffiant qr mimiakif^ gtm^ on 
account of the supposed property here mentioned. But later ex- 
periments have shown ^at tne inbstance it forms with chlorine, is 
not an oU, but a kind of ether, hence it is now known under the 
name of dibnie e^^er. — C. 



1 103. Is there any known method of making oil by combining 
'its principles ? 

1 103. What forms ihe basis of vegetable perfumes ? 

1104. In what part'of the plant alte the volatile or eMaitiid oils 
*eontained? 

1 105. From what proceeds ihe smell of floWers ? 

1 106. How are volatile oils obtained ? 

nor. Why will water mixed with "vegetable oils assist in je- 
imoving spots of grease from cloth ? ^ ^ ,,^^ ,^ Google 
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spot proceeds from any of those substances, it will remove it. In- 
sects 'of every kind have a gpreat aversion to p^rfames, so that vola- 
tile oils ^re employed with success in maseums for (he preserva- 
tion of stuffed birds and other species of animals. 

Caroline. Pray, does not the powerfo! smell of Camphor proceed 
from a volatile oil ? 

Mrs, B, Ctmphor seems to be a substance of its owo kind, re- 
markable by many pecuUarities. But if not exactly ofjtlie same 
nature as volatile oil, it b at least very analagous to it. Qt is ob- 
tained chiefly from the camphor- tree, a species oi laurel which 
grows in China, and in the Indian isles, from the stem and roots of 
which it is extracted!^ ^mall quantities have also been distilled 
from thyme, sage, aiifl other aromatic plants^ and it is deposited in 
pretty large quantities by some volatile oils«fter long standing. It 
is extremely volatile and inflatnmable. It is insoluble in water, but 
id soluble in oils, in which state, vs well as in its solid form, it is fre- 
quently applied to medicinal purposes. Amongst the particular 
properties oLcamphor, there is one too singular to be passed over 
m silence, m yo<i take a small piece of campher, and place it on 
the surface oT a basin of pure water, it will immediately begin to 
move rotmd and round with great rapidity ; i>ut jf yom pour into 
the basin a single drop of atiy odiferous fluid, it wHl instantly put a 
stop to this motionT^ You can at any time trv so simple an experi- 
ment ; but you m«^t not expect that I shall be able to account for 
the phenomenon, as nothing satisfectory has as yet been advanced 
for^its explanation, 

Caroline. It is very singular indeed ; and I will certainly make 
the experiment Pray, what are resinM, which you just now men- 
tiOEiedf »« 

Mrs. B. (They are volatile oils, that have been acted on, and pe- 
culiarly modified, by oxygen^ , 
Caroline. They are, therefore, oxygenated Volatile oils ? 
JIfri. £. Not exactly ; for the process does not appear to consist 
so much in the oxygenation of the oil, as in the combustion of a por- 
tion of its hydrog^en, and -a -small -portion of its carbon. For when 
resins are artificially made by the cotnbinotion of volatile oils with 
oxjTgen, the vessel m which the process is performed is bedewed 
with water, and the air included within it is loaded with carbonic 
acid. 

Emili/. This process must be, in some inspects, simlar to that for 
preparing drying oils ? 

Mrs. B' Yes ; and it is by this ooeration that both of them acquire 
a great degree of consistence, ^itch, tar, and turpentine, are the 
most common resins ; they exiide from the pine ana fir treeM Co- 

* Camphor coroes chiefly from Japan, (it is obtained by distilling* 
the wood of the laitrus camphora^ oV camphor tree, with water, in 
large iron potS, with earthen caps stuffed with straw. The cam* 
pho|r sublimes and concretes upon the straw.^-C. 

1 108. From what is camphor obtained ? 
- 1109. Is camphor contained in other plants ? 
m^- ^at u the ra'etkod of obtaining it !^ 
HU* Y!,^^^ remarkable peculiarity has camphor? 
1112. What are resinsf oigLbyG^Ogle 
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pal, mastic and frankincense, are also of tbid class of r^etable sub- 
stances. 

Emily. Is it^ these resins that the mastic and copal varnishes 
so much used ra^ painting are mad§°) 

Mrs, B, Tes. Dissolved either in oil or in alcohol, resins form 
varnishes. ■ From these solutions they may be precipitated by 
ter, in ivbich they are insoluble. This I can easily show — 
you will pour some water into this g^lass of mastic varnish., 
combine with the alcohol in which the resin is dissol"^, and the 
latter will be precipitated in the form of a white clou^ 

Emily, It is so. And yet how is it that pictures or dritwings, var- 
nished with this solution, may safely be washed with water ? 

Mrs, B,.As the varnish dries, the alcohol evaporates, and the dry 
varnish or resin which remains, not being soluble in water, will not 
be acted on by it. ^ 

There is a class of compound resins, called gum rennt, whichj^re 
precisely whtU their name denotes, that is to say, resins, combined 
with mucilage^ Myrrh and assafcetida are of this description. 

CuroUne, mt possible that a substance of so disagpreeaDleasmell 
as assafcetida can be formed from a Tolatile oil f 

Mrt, B. The odour of volatile oils is by no means always grateful. 
Onions and garlic derive their smell from volatile oils, as well as ro- 
ses and lavender. 

There is still another form under which volatile oils present them- 
selves, which is that of bcUsams, These consist of resinoi^ juices 
combined with a peculiar acid, called the benzoic acid. iBalsams 
api>ear to have been originally volatile oils,'" the oxygenSLtion of 
which, has converted one part into a resin, and the other part into 
an acid, which combined together, form a balsam^ such are the 
balsams of Peru, Tolu, &c. '^ 

We shall now take leave of the oils and their various modifica- 
tions, and proceed to the ^es:t vegetable substance which \seaoutck' 
oue. This is a white, milky, glutinous fluid, which acquires consis- 
tence and blackens in drying, in which state it forms the substance 
with which you are so well acquainted, under the name of gum- 
elastic. 

Caroline, I am surprised to he^r that gum -elastic was ever white, 
or ever fluidi And from what vegetable is it procured ? 

JIrs, B, (It is obtained from two or three different species of trees 
in the East Indies, and South America, by making incisions in the 
stenk The juice is collected as it trickles from these incisions, and 
momdsof clay, in the form of little bottles of gum-elastic, are dipped 

* This is an erroneous idea. ^Balsams are original and peculiar 
substances, and consist chiefly of resinous matter in a semifluid 
•state. The beuEoic acid is most probably formed during the pro- 
cess by which it is obtained.-^C 

.... -. ' ^ £ — : ,..-_•,. — : 

1 1 13. What are the most common resins ? 

1114. Of what are mastic and copal varnishes made 

11 1 5. What will be the consequences if water be poured into a 
vessel containing mastic varnish ? 

1116. What are gum resins ? 

1117. What are balsams ? 

1118. From what is caoutchouc obtained? ^ . 

1119. What are iU uses? Digitized by C^OOgle 
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into it. A layer of this juice adheres to the clay and dries bnit ; 
and sereral layers ^re successiFely added by repeating^ this till the 
bottle is of su(5cient thickness. It is tjaen beaten to break down 
the clay which is easily shaken out. ^he natives of the countries 
where this substance is produced, som^imes make shoes and boots 
of irby a similar process, and they are said to be extremely pleasant 
and'serviceable, both from their elasticity, and their bein^. water- 
proof. 

The substance which comes next in our enumeration ot4he im- 
mediate ingredients of vegetables, is extractive matter, ^h'w is a 
term which, in a general sense, may be applied to any substance ex- 
tracted from vegetables ; but it is more particulatly understood to 
relate to the extractive colqring matter of plant^ A great variety 
of colors are prepared from the vegetable Kingdom, boA for the 
purposes of pamting and of dying ; all the colors called^aXr^are 
of this description ; but they are less durable th m mineral celbrs, 
for by long exposure to the atmosphere, they either darken or turn 
yellow. 

Emily, I know that in painting, the lakes are reckoned far less 
durable colors than the ochres ; but what is the reason of it ? 

Mn. B, The change which takes place in vegetable colorsCis 
owing chiefly to the oxygen of the atmosphere slowly burning tbekr 
hydrogen, and leaving, in some measure, the blackness of the car- 
bon exposed^ Such change cannot take place in ochre, which is 
altogether arrnineral substance. 

Vegetable colors have a stronger affinity for animal than for veg- 
etable substances ; and^tis is suppo^ to be owing to a small ouao- 
tity of nitrogen, which they contai^ Thus, silk and worsted will 
take a much finer vegetable dye th^Tn linen and cotton. 

Caroline, Dying, then, is>quite a chemical process ? 

Mrs, B, Undoubtedly. The condition required to form a good 
dyQ is, that the coloring matter should be precipitated, or fixed, 
on the substance to be dyed, and should form a compound not solu- 
ble in the liquids to which it would probably be exposed. Thus, for 
instance, printed or dyed linens or cottons must be able to resist 
the action of soap and water, to which they must necessarily be sub- 
ject in washing; and woollens and silks should withstand the action 
of grease and acids, to which they may accidentally be exposed^ 

Caroline, B ut if linen and cotton have not a sufficient affinity^or 
coloring matter; how are they made to resist the action of washing, 
which they a ways do when they are well printed ? 

Mrs. B. f^hen the substance to be dyed has either no affinity 
for the coloring matter, or not sufficient power to retain it, the com- 
bination is effected or strengthened, by the intervention of a third 
substance, called a mordant^ or basis. The mordant must have a 



J 120. Wtat is the extractive matter of vegetables ? 

1 121. What are the colors called prepared from vegetables ? 

1122. To what is the change which takes place in vegetable col- 
ors owin^ ? 

1123. Why have vegetable colors a stronger affinity for animal 
than for vegetable substances ? 

1 124. What is necessary that vegetable colors be durable f 

1125. What are mordants and their uses ? r^^^^U 
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strong affinity both for the coloring matter and the substance dyed, 
by which means it causes them to combine and adhere together. 

Caroline. And what are the substances that perform the office of 
thus reconciling the two adverse parties ? 

Mrs. B. ffhe most common mordant is sulphat of alumine, or 
alum. Oxyds of tin and iron in the state of compound palts, are 
likewise used for that purpos^. 

Tannin is another vegetableingredient of great importance in the 
arts. It is obtained chiefly ^om the bark of ^ees ; but it is fouqd 
also in nut-galls, and in some other vegetables^ ^ 

Emih/. Is that the substance commonly called iauy whichiis used 
in hot-housesV ^ 

Mrs. B. Tan is the prepared bark in which the peculiar substance, 
tatinin is contained. But the use of tan in hot-houses is of much 
less importance than the operation of tanning, by which skin is 
converted into leather. 

Emily. Pray how is this operation performed ? 

Mrs. B. Various methoda are employed for this purpose* which 
all consist in exposing skin to the action of ^annin, or of substances 
containing this principle in sufficient quantities, and disposed to 
yield it to the skin, ffhe most usual way is to infuse coarsely pow- 
dered oak bark in wai&r, and to keep the skin immersed in this in- 
fusioii for a certain length of time. During this process, which is 
Blow and gradual, the skin is found to have increased in weight, and 
to have acquired a considerable tenacity and impermeability to wa- 
ter. This effect may be much accelerated by using strong satura- 
tioi/s of the tanning principle, (which can be extracted from bark,) 
instead of employing the bark itself. But this quick mode of pre- 
paration does not appear to make equally good leathen 

^annin is contained in a great variety of astringeid vegetable 
substances, as galls, the rosetree, and wine ; but it is no where so 
plentiful as in bark. All these substances yield it to water, from 
which it may be precipitated by a solution of isinglass or glue, with 
which it strongly unites and forms an insohible compound. Hence 
its valuable property of combining with skin (which con^sts chiefly 
of glue^ ana of enabling it to resist the action of watera 

Emily. Might we not see that efiect by pouring a Hflle melted 
isinglass into a glass of wine, which you say contains tannin i 

Mrs. B. Yes. . 1 have prepared a solution of isinglass- for that 
▼erv purpose^ Do jou observe the thick, muddy precipitate ? That 
is the tannin combmed with the isinglass. 

Caroline, This precipitate must then be of the same nature as 
the leather? 

Mrs. B, It is composed of the same ingredients ; but the organ- 
ization and texture of the skip being wanting, it has iteitfaer the 
consistence nor the tenacity of leather.^ 

1 136. What substances are commonly used as mordants ? 

1127. From what is tannin obtained ? 

1128. What are its uses? 

1129. What is the process of converting skins into leather, by 
the use of tanning ? 

1 130. Wb^r does tanning cause skins on being changed to leather, 
to be impervious to water? 

1131. How does a solation of isinglass in water differ from leatlier ? 
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Caroline, One niight suppose (hat men who drink hige quanti- 
ties of red wfne^ stand a cnance of hayin? the coats of their stom- 
achs coverted into leather, since' tannin has so strong an affinity 
for skin. 

Jlfrt, B. It is not impossible but that the coats of their stomachs 
may be, in some measure, tanned or hardened by the constant ose 
of this liquor ; but you must remember that where a number of 
other chemical agents are concerned, and above all, where life ex- 
ists, tio certain chemical inference can be drawn. 

I must not dismiss this subject, without menj^oning a recent dis- 
covery of Mr. Hatchett, which relates to it. ^his gentleman found 
that a substance very similar to tannin, posselTsing all its leading 
properties, and actually capable of tanning leather, may be produc- 
ed by exposing carbon, or any substance cootainiog carbonaceous 
matter, wheUier vegetable, animal, or mineral, to the action of ni- 
tric acid^ • 

Caroline. And is not this discovery very Ukely to be of use to 
manufactures ? 

Mrs. B, That is very doubtful, because tannin, thus artificially 

narcd, must probably always be more expensive than that which 
tained from bark. But the ftict i? extremely curious, as it af- 
fbrds one of those very rare instances of chemistry being able to im- 
itate the proximate principles of organized bodies. . 

The last of the vegetable materials is woody JHfre-^ is the hard- 
est part of plants!) The chief source from which thmubstance is 
derived, is wood, but it is also Contained, more or less, in every solid 
part of the plant. It forms a kind of skeleton of the part to which 
it belongs ami retains its shape after all the other materials have dti- 
appeared, (ft consists chiefly of carbon united with a small |K>rtioD 
. of salts, and the other constituents conimon to all vegetables^ 

Emily. O^i is of woody fibre 4km^ that the common charcoal is 
madet 

J\£rs. B. Tes. Charcoal, as you may recollect, is obtained from 
wood by the separation of all its evaporable parts. 

Before we take leave of the vegetable materials, it will be proper 
at least to enumerate the several vegetable acids which we eitner 
bave had or majr have occasion to mention. I bdieye I formerly 
told you that their basis or radical, was uniformly composed by^- 
dro|^n and carbon, and th^t their difference consisti^only in Ine 
various proportions of oxygen which they containe^A-.^ 

*(To make artificial tannin, Mr. Hatchett used 100 grains of char- 
coaiWith 500 of nitric acid, diluted with twice its weight of water, 
^bis mixture was heated, and then suffered to digest for two days ; 
more acid was then ^ded, and the digestion continued until the 
charcoal was dissolved.) This solution facing evaporated to dryness, 
leaves a dark 'brown ifiass. This is tiie tannin in question. Its taste 
is bitter and highly astring^ent. — C. 



} J32. What discovery was made by Mr, Hatchett ? 

1 :2S* S^ ^^ ^ prepare artificial tannin ? 

1134. What is woody Hbre? 

JJ35. Of what does it chiefly consist ? 

1136. From what is charcoal made ? Dig,,ed by Google 
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^e fbKowiog^ a^e the ndmes of the vegetable acids : 
~ ifhe Mucpus add obtamed from gum or mucilage ; . 

Suberic, * from, cork; 

Camphoric J - ' from Camphor ; 

Benzoic . - from balsams : ' V^ 

Oallic ' - from galls, bark, '&c. ^ /• /6 <} : H/ . 

Make - from ripe fruits ; 

Citric ' •fromlemon juice ; 

Oxalic . - from sorrel ; 

St^ecifnic - from amber ; 

Tartarous - from tartrit of potash ; 

jfficetic - from vinegar) ' . 

mtey are all decomposable. by heat; soluble ia water,. and^um.ve- 
gefeble blue colours re3J The succinic^ the tartarow, and the ace- 
iow adds'^ are thie produttibns of the decomposition of vegetables ; 
we^alf; therefore, reserve their examination for a^future period. 

rThe oxalic aci(/. distilled from sorrel, is the highest tefm^of vege- 
table acidification\ for, if more oxygen bp added to it, it loses its 
vegetable tiatiire,''and is resolved ihto carbonic acid and watfer ; 
therefor^, thoughall theother acids may be convepted into the ox- 
alic by an addition of oxygen, the oxalic Itself is not susceptible of 
ja further 4egi!ee of oxygebation : Bor can it be made by any .che- 
mical processes, to return to a state of lower acidification.'" 
^To conclude thts subject, 1 have only to add a few words on the 
fgallic acidX 

^^Carolint, Is not this tbe same acid before mentioned, which fpums 
ink, by precipitating sulphat, of iron from its solution ? 

Mrs, Bi Ye^. Thoagh^ff is usually extracted from galls, on ac- 
count of its being most srtMindani in that vegetaibJe siibstanccl it 
may also t^e obtained from a great variety of plants, it constitules 
what isxalled thO attringmt principle of vegetables ; it is geiierallv 
combified with tannin, and ypu will ^(fiod that an i&fusion oftea,.cof- 
feei bar^, red wine, or any vegetable substance that contains the 
astringent principle, will make a black precipitate with a solution 
of sulphat of iron. 
<7afdttnc. Put.pray What are galls ? 

Jlfr#. B./They are excrescences which grow on the bark of young 

* Oxalic acid may be formed artificially. Put one ouoce of white 
sugar, powdered, into a retort, and pour on three ounces of nitric 
acid^ When the solution is over, make the liquor boil, and when it 
ae($uireis a reddish brown .bolqur, ad|4 three ounces more of nitric 
acid. Continue the boiling uiitil the fumes ccasc.and the colour of 
the liqnor vanishes. Then let the liq^uor bp poured into a wide ves- 
sel, and on cooling, white slender crystals will be formed. These 
are oxalic acid. — C. 



1 137. What are the names of the vegetable acids ? 

1138. What is the composition of the basis of these acids ? 

1 139. What general qualify iiave all vegetable acids ? 

1 I4d. What is the highest term of vegetable acidification ? 

1141. What acid is galled the astringent prinqjple of vegetables ? 

1 142. From what is4t usualjy extracted ? 

^1 1 43. VV'jnat arc the galls that yield this acidt? 
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oaks, and are oocaftiondd by an insect ^h'%eh wouods the bark of 
trees, and lays its ^Qgs in ttie aperture. The lacerated vessels of 
the tree then discharge their contents, and form an excrescence, 
which affords a defensive coveriog^for lhe«eeggs.. The insect, when 
come to life, first feeds on this excfesceece, and sometime after- 
wards eats its way out, as it appears from a hole which is formed in 
all gall-nuts that no longer contain an insect} /tt is in hot* climates 
only that strongly astringent gall nuts are fottnd*^ those which are 
used for the purpose of making ink are brought from AleppoTV 

Emily. But are not the oak apples which grow' on* the lein^es of 
the oak in this country of a sitniiar nature ? 

Mrs, B. Yes; only they are an inferior species of galls, contain- 
ing less of the astringent principle, and therefore less applicable to 
useful purposes. . 

Caroline^. Are the vegetable acids never found but in their pv re 
uncom biped state? , . 

Mrs. i.lBy no raean&.; on the contrary, they are frequently met 
with in the state of con^pound salts ; these, however, are in gwae- 
ral not fully saturated with the salifiable bases, so that the acid pre;, 
idominates ; and in this state, they are called acidulous s^lts. Of 
this kind is the salt called cream of tartarl 

Caroline* Is not the salt, of lemMi commoiily used 4o take out 
i nk- spots and stains, of this nature ? 

Mrs. B. ^o\ that salt consists of tbe oxaHcaeid, combined with 
a*^little potash. It is found in that state in sorrel. 

Carolinsl And pray bow does tt^ takie out ink-spots ? ^ 

J/r«. B. ^y uniting with the iron, and rendering it. sdttbleiq 
-watei** 

Bendes the vegetable materials which we have enumerated, a ▼%• 
riety of other substasciesf common to the three kingdoms, ar&foutid 
ip vegetables, silcba^otash\ which w%8 formerly supposed tobe- 
'long exclusively to plams, ana was, iii consequence, calli^ the ve- 
vg^ble alkali? 

Bulphur, phospbotus, earths, and a variety ofmetallk oxyds^are 
also found in vegetables, but only in small quantities. And we ineet 
sometimes wfth neutril salts, formed by tW combination of'tliese 
i-jngredients- 



CONVIERSATlOJir XXI. 

ON THS pECOMPOBITICm OF V£0E1?A1»I,ES. 

Car otitis, Tb» account which you have ^^iven us« Mr9. B.,of tbe 
■■ materials of vegetables, is doubtless, very mstructive ; but it does 

1144. In what climates are strongly astringent ^ll-nut» found ? 

1145. Are the vegetable aciijls never found but in their pure un- 
corobined stale ? 

I !46. How does theaxaUc apid remo^ ink-spots ? 

1147. What«ub8tanteacoromoD^to the three kingdoms are found 
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ilot completely satisfy my curiosity. I wish to kpovr how plants ob- 
tain the principles from which their ^arioqs materials are formed ; 
by what means these are conrerted into yeg«tal>le matter, and how 
they are connected with the lile of the piant. 

Mrt, ^j This iroi>lies nothing less than a complete history of the 
CheHiistry and physiology of vegetation v subjects on which we have 
yet but very imperfect notions. Still 1 hope that I shall be able, in 
some measure, to satisfy yourcuriosity. But, in order to render the 
snbject more intelligible, I must first make you acquainted mih the 
various changes which vegetables undergo, when the vital power 
no longer enables (hem to redfst the common ]^w8 of chemical at- 
traction. . 

rThe composition of vegetables being mcure complicated than that 
orfniner^s, the former more readily undargo chemical changes than 
the latt^er; for the greater the variety of attractions, the more easi- 
ly is thenquilibriam destroyed, and a new order of combinations in- 
troduc^ « , 

Emilp( I am surprised that ve^tables should be so easily suscep- 
tible of decomposition : for the preservation of the vegetable king- 
dom is certainly far more important than that of minerals. 

Mrs. B. You must consider, on fhe other hapd^ how much more 
easily the former is renewed than the latter. .<^he decomposition of 
the vegetable takes place only after the deaQ^of the plant, which, 
in the common course of nature Jbappens when it has yielded fruit 
and seeds to propagate its species]) If, instead of thus finishing its 
career, each plant was to retain-' its form and vegetable state, it 
wouid become an useless burden to tb,e earth and its inhabitants. 
When vegetables, therefore, cease to be productive, they cease to 
live, and nature then begins her process ofdecopiposition, in orde 
to resolve them into ther chemical constituents/h^'drogen, ^arbon 
and oxygen\ thqse simple and primitive ingredients, which she 
keeps in store for all her combinations. 

Emily. But since no system of combinaticna can be destroyed ex- 
cept by the establishment of another order of attractions, bow can 
the decomposition of vegetables redude them to their simple ele- 
ments V /^ 

Mrs, jB.nt is a very long process, during which a variety of new 
combinations are successively established, and successively destroy- 
ed ; but, in each' of these changes, the ingredients of vegetable 
patter tend to unite in a more simple order of compounds, till 
they are at length brc^ught to their elenmntary state, or, at least, to 
their most simple order of com binationg) Thus you will find that 
vegetables are in the end almost entirely reduced to water and car- 
bonic acid ; the hydrogen and carbon dividing the oxygen between 
them so as to form with it these two substances* ' But the variety of 
intermediate combinations that take place during the several stages 

1148. Why do vegetables more readily undergo chemical chan 
ges than minerals ? 

1 149. When do vegetables become decomposed ? ' 

1150. Into what are vegetables reduced by decomposition •' 

1151. Since no system of combination can be destroyed, except 
by the establishment of another order of attractions, how can the de- 
composition of vegetables' reduce them to their simple elements ? 
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of IhedecomposHion of vegetables^ present us with a new set of 
compounds, well wor]lby of our examiaation. 

Caroline. How is it possible tbat vegetables, while putrefying-, 
should produce any thing worthy of observation ? 

Mrs. B. They are suscceptible of undergoing certain changes 
before they arrive at the state of putrefaction, whicl[) is (he final 
term of decomposition ; and of these changes we avail ourselves for 
patticular and important purposes. But; in order to make you un- 
derstand this subject, which is of considerable importance, Imu'st 
explain^it more in detail. 

The decomposition of vegetables is always attended by a violent 
internal motion, produced by the disunion of one order of particles, 
and the combination of anotner. This is called ^^rmektatt 6n4 
There are several periods at which this process jstops, so that a state 
of rest appears to be restored, and the new order of compounds fair- 
ly established. But, unless meand be. used to secure these new 
combinations in their actual state, their duration will be but tran- 
sient, and a new fermentation will. take place, by which the coin- 
pound I a^t formed will be destroyed ; and anotlier, and less Complex, 
will succeed. 

Emily. The fermentations, thdn, appear to beonly^e successive 
steps by which a vegetable descendf[ to its final dissolution) 

Jlrs. B. JPrecisely so. Your definition is perfectly coirect.- 

Caroline' And how many fermentations, or new arrangements, 
does a vegetable undergo before it is reduced to its simple ingri^- 
dients? ^ 

Mrs. B. Chemists do not exactly agree in *this point ; but tbere 
are, I think/foundistinct fermentations, or periods, at which the 
decomposition or vegetable matter stops and changes its .course. 
Hut every kind of vegetable matter is not eqyally susceptible of un- 
det*going all these fermentations. 

There are lik^ise several circumstances required to produce 
fermentation, /water, and a certain degree of heat are both essen- 
tial to this process, in order to separate the particles, and thus weak- 
en their force of cohesion, that the new chemical affinities may be 
brought into act io'^' . 

Caroline, In frSzen climates, then, how can the spontaneous de- 
composition of vegetables take place ? 

Mrs. B. It certainly cannot ; and, accordingly, we find scarcely 
any vesliges of vegetation where a constant frost prevails. 

Caroline: One would imagine that, on the gontrary, such spots 
wtfuld be covered with vegetables ; for since they cannot be decom- 
posed, their number must iEil^y-ays increase. 

Mrs, B. But, my dCar. heat and water are quite as essential to 
the formation of vegetables, as they are to their decomposition. Be- 
sides, It is from the dead vegetables, reduced to their elementary 
principles, that the rising generation is supplied with sustenance. 
No young plant, therefore, can grow, udless its predecessors contri- 
bute both to its formation and support ; and these not only famish 

1152. • What is the process called, that disunites and decomposes 
he elements of vegetables .'' 

1153. What ai^e the fermentations ? 

1 154. How many kinds of fermentation arc there? 

1 1 55. What is necessary to produce fermentation^ t 
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the seed from which the new plant springs, but likewise the food by 
which it is nourished. 

Caroline, Under the torrid zone, therefore, where water is never 
frozen, and the heat is very great, both the processes of vegetation 
and of fenneotatibn must, f suppose, be extremely rapid? 

Mrs. B. Not so much ad you imagine ; fonlfn such climates great 
part of the water which is required for these processes is in an aeri- 
foi-mi state, which is scarcely more conducive either to the growth 
or formation of vegetables than that of ice. In those latitudes, there, 
fore, it is only in low, damp situations, sheltered by woods from the 
sun's rays, that the smaller tribes of vegetables can grow and thrive 
during the dry season, as dead vegetables seldom retain water 
enough to produce feripentation, but are on the contrary, soon dried 
up by the heat of the sun, which enables them to resist that process ; 
sothaititisnottill thcifallof the autumnal rains( which are very vio- 
lenXin such clinrates,.) that spontaneous fermentation x?an take placed 
^The several fermentations derive their names from their ptincipar 
productsll The first is called the sdccAan'nc /crmen/a<ion;,/becau8e 
its proddct iff sugafk ^ 

Caroline, But siirfar, you have told us, is found in all vegetables ; 
it cannot, therefore, be thejproduot of their decomposition. 

Mrs, B. It is true that /nis fermentation is ndt confined to the 
decomposition of vegetables, as it continually takes place during 
their life! and, indeed, this circumstance has till lately prevented it 
from bejog considered as one of the fermentations, and/fhe forma- 
tion of sugar, whether in living or dead vegetable matte>, is so ev- 
idently^ a new compound, proceeding from the destruction of the 
previous order of coori hi nations, and essentiaito the subsequent fer- 
mentations] that it is now, I believe, generally esteemed the first 
step, oi^ necessary preliminary to decomposition, if not an actual 
commencement of that process.^ 

Caroline. I ^recollect your hinting to us that sugar was^uppdsed 
not to be secreted from the sap, in the sawne manner as /mucilage, 
fecula, oil, and the other ingredients of vegetables^ V 

Mri, B. It is rather from these materials, than from the sap itself, 
that sugar is formed ; and it is developed at, particular periods, as 
you may obse'rve.in fruits, which become sweet in ripening, some- 
times even after they have been gathered. Life therefore is not es- 
sential to the formation of sugar, whilst, on, the contrary, mucilage, 
fecuta, and the othei* vegetable materials that are secreted from the 
sap by appropriate organs, whose powers immediately depend on 
the vital principle, cannot be produced but during the existence of 
that principle. 

Emily. The ripening of fruits is then their first step to destruc- 
tion as well as their last towards perfection? 

Mrs. B. Exactly. A process analagous to the saccharine fer- 



1157. What in the torrid zone prevents thb processes of vegeta- 
tion and fermentation from being rapid? 
1 168. From what do the several fermentations derive their names? 

1159. Why is the first of them called a saccharine fermentation ? 

1160. Why was not sugar formerly considered a fermentation? 

1161. Why is it at present considered a fermentation ?OQle 

1162. From what parts of regetables is sugar formed ? ^ 



258 DECOMPOSITION , 

meatatioo takes |6jace also during ihe tjooking^ of certain vegeta- 
bles. This is the case with parsnips, carrots, potatoes, &c.,/m 
which sweetaess is developed by heat and moisture; and we kctew 
that if we carry the m-pcess a little farther, a more complete decom- 
position would ensue^ The same process takes place also ib seeds 
previous to their sprouting. ■ 

Caroline. How do you reconcile this to your theory, Mrs; B. 
Can you^upposejrtiat decomposition is the necessary precursor of 
life? 

Mrs. B, That is indeed the case. The materials of the seed must 
he decomppsed, and the seed disbrganized, before a plant can sprout 
from it. /Seeds, besides the embryo plant, contain (as we have al- 
ready obfsrvedj fecula, oil, and a little mucilage. -These substan- 
ces are destined for the nourishment of the future plant; but they 
undergo some change before they can be fit for this function. The 
seeds, when buried in the earth, with a certain degree of moisture 
aind of temperature, absorb water, which dilates them, separates 
their particles, and introduces a new order of attractions, of which 
sugar is the product. The substance of the seed is tims softened, 
sweetened^ and converted into a sort of white, milky pulp, fit for 
the nourishment of the embryo plantJ 

The saccharine fermentation ^f s^ds is artificially produced, for 
the purpose af making malU by the following prcfcess :-/A quantity 
of barley is first soaked in water for two or three daysV-the water 
being «fterwirds drained off, the grain heats spontaneously, swells, 
bursts, sweetens, shows a disposition to germkiate^ and actually, 
sptouts to the length of an inch, when the process is stopped by put- 
ting it mto a kiln, where it is w^ll dried at a gentle heat. Tn this 
state it is crisp and- friable, and constitutes the substance called 
mali<t which is the principal ingredient of beeiH, • . 

Emily, But I hope you will tell us how raaltfts made into beer ? 

Mrs, B, Certainly ; but 1 must.fiwt explain to you Ihe nature of 
the second fermentation^ tvbicb isk^ssential to that operation. This 
is called the vii%ous fermeniation^ec^xx^e its product is wineX 

JEm'iify. How very different ihe"TdeeompoBition cxf vegetjroles is 
from what I had imagined ! The products of their disorganization 
appear almost superior to those which they yiield during their state 
of life and perfection. ' 

Mts. B. And do you not, at the same time, admire the beautiful 
economy of Nature, which, whether she creates, or whether she 
destroys, djii^cts all her operations to some useful and benevolent 
purpose -'-/it appears that the saccharine fermentation is extremely 
favorable.V not absolutel.v essential, as a previous step, to the vinous 
fermentation ; so that if sugar be not developed during the life of the 
plant, the saccharine fermentation must be artificially produced be- 
\ € 

1163. What process analagous to saccharine fermentation takes 
place during.the cooking of certain vegetables .? 

1164. How would you describe this fermentation iu seeds prior 
to germination ? 

1 165. How is saccharine fermentation exhibited in the making: of 
malt? ^ 

Il6l5. Why is the second fermentation called vinous ? 
1167. Why does barley resist the vinous fermentation until it has 
^on6 through the sacchariiie \/ 
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fore the vinous fermeDtation cab take placeTS This is (be case with 
barley, which does uot } ield any sugar untirit is 'made into malt ; 
and it is in that state only that it is suscep^tible of undergoing the 
vinous fermentation by which it is converted into .beer. 

Qctroline^ But if Che prpductof the vinous fermentation is always 
wine, beer cannot have undergone that process, for beer is certain- 
ly not wine. 

Mrsi B, Chemicadly speaking, ^eer may be considered as the 
wine of grain. For it is the product of the fermentation of ms^t,. 
just as wine is that of the fermentation of grapes, or other fruits. 

jHTbe coi^sequence of the vinous fermentation is the decomposition 
orthe saccharine matter, and the formation of aspiritous liquor from 
the constituents of the sug^a^ But in order to promote this ferment- 
ation, not only^ater and a^rtaindegree of heat are necessary, but 
some other vegetable ingredients, besides the sugar, as fecula, mu- 
cilage, acids, salts, extractive matter, &c. all of which seem to con- 
tribute to this process, and give to the liquor its peculiar taste^ 

Emily* It is, perhaps^ for this reason, that wine is not obtained 
from the fermenfation of pure sugar ; but tha^uits are chosen for 
that purpose, as they contain not only sugar, ottt likewise the other 
vegetable ingredients which promote^the vinous fermentation, and 
give the peculiar flavoun 

Mrt. B* Certainly. And you must ob^rve, also, that the relative 
quantity of sugar is not the only circinmstance to be considered in the 
choice of vegetable juices for the- formation of wine ; otherwise the 
sugar-cane would be best adapted for that purpose. It is ratheijrtEe 
manner and proportion in which the sugar is mixed with other yqg^e,- 
tabie ingredients that infiuedces the production and qualities of win^ 
And it is fouqd that the juice of the grape not only yields the roo^ 
considerable proportion of wine, but that it likewise affords it of the 
roost grateful flavour^ 

' EnUly, I have seen a vintage in Switzerland, and I do not re- 
collect that heat was applied, or water added, to produce the fer- 
mentation of the grapes. 

Mrs, B, The common temperature of the atmosphere in the cel- 
lars in which the juice of the grape is fermented is sufficiently warm 
for this purpose ; and as the juice contains an ample supply of water, 
there i^ no occasioii for any addition of it. Bat when fermentation is 
produced in dry malt, a quantity of water must necessarily be added; 

Emily, But What are precisely the changes that happen dqring 
the vinous fejonentation f 

^rs. B. nChe ^ugar is decomposed, and its constituents are re- 
combined into two new substances : the one a peculiar liquid sub- 
stance, called alcohol or spirit of win'e^ which remains in the fluid ; 
the other, carbonic acid gas, which escapes during the fermentation^ 
Wine, therefore, as I before observed, in a general point of viewj 
may be considered as a liquid, of which alcohol constitutes the esseo- 

1 168. What is the consequence of the vinous fermentatibn ^ 

1 169. What is necessary to produce this fermentation ? 

1 170. Why are grapes cho«en for wine instead of pu» e sugar .^ 
1171 What is to he considered in the choice of vegetable juices 

for the formatio6 of wine ? 

1 172. What ai^ the changes that happen during the vinous fer- 
mentation .' r^ 1 
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tiiJ part. And the variety of strehg^th and ^?our of the different 
kinds of wioe, are to be attributed to tb6 different qualities of the 
fruits, from which they ar6 obtained,JDdependently of the sugar. 

Caroline' I am asiooished to hear that so powerful a liquid as spir- 
it of wine should be obtained from.so mild a subsptance as sugar. 

Mrs. B* Can you tell me in what the .principal difference consists 
between alcobol and sugar? 

Caroline. Let me reflect }--f Sugar consists of carbon, hydrogen, 
and oxygen. If carbonic aciiH)e sttbtracted from it, during the for* 
mationof aicohoU the lattier will contain less carbon and oxygen 
than sugar doei"] therefore hydrogen must be the preTaiHng prin^ 
cipleofalcohoL''^ 

Mrs. B. It is exactly so. And this very large propolrtion of hy- 
drogen accounts for the- lightness and combustible property of alco- 
hol, and of spirits in genera], all of wbidh doosist of alcohol vari- 
ously modified. 

Emili/. And can sugar be recomposed from the -combination of 
alcohol and^arbonic acid ? 

Mrs. By Chemists have never been able to succeed in effecting 
tys ; but frDin analogy I should suppose such a reoomposition posst- 
W^ Let us now observe more ]!>arttcularly, the phenoipena that 
tak^ place duriog|mie vinous fermentation*^ /At the commencement 
of this process^ he^t is evolved, and the liqQor swells, consid^rablv 
from the formation of thai carbonic acid, which is disengaged in such 
prodigious quantities as would be fatal toany person who should i^oa- 
wares inspire it") an accident which has sometimes happened. /If the 
fermentation be stopped by putting the liquor into barrels, before 
the whol6 of the carbonic acid is evolved, the wine is brisk, like 
Champagne, from the carbonic ^cid imprisoned in it, and it tasttf 
sweet, like cider, from the stig^r not being completely decdmpO&eoj 

Emily. But I do ndt understand why heat should be evolved dil^ 
ring this operation. For, as there is a jconsiderable formation of gas 
in which a pift)portionable quantity of beat, must become insensible, 
I should have imagined that cold, rather than heat, would have 
been produced. * , 

Mrs. B. It appears so on first consideration ; but you must recol- 
lect that fermentation is a complicated chem^al process ; and that, 
during the decompositions and recompositions attending it^ a quanti- 
ty of chemical heat may be disengaged; sufficient both todevelope 
the ga&, and to effect an increase oif temperature. When the fer- 
mentation is completed, the liquid cools and subsides, the efferves- 
cence ceases, and the thick, sweet, sticky juice of the fniit, is con- 
verted into a clear, transparent, spirituous liquor, called wine. 

Emily. How much I regret not having been acquainted with 
the nature of the vinous fermentation, when !• had an opportunity 
of seeing the process. 

Mrs, Bi You have an easy method of satisf} ing yourself in that 

1 1 73. What is the principal difference between sugar and alcobol ? 

1174. Can sugar be recomposed by the combination of alcohol 
and carbonic acid ? 

1 175. What takes place at the commencement of the vinous fer- 
mentation ? ' • 

1 176. Why is Champagne wine so brisk? 

1177.. What process isanalagous to the making of wieexle 
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respect by obserring tbe process oC brewing, which m every essen- 
tial circumstanoe, is similar to that of mafanng \^ine, and i» really a 
very curiotts cbiemipal operation. 

Altliough we cannot actually make wine at this moment,- it will be 
easy to show yoU the mode of analyzing it. This is done by distil- 
lation. When wine of any kind is submitted to this operation-, ^is 
found to contain brandy, water, tartar, attractive colouring maiter 
and some vegetable acid J I have put^a little Port wine mto- this 
alembic of glass, & ^- ' 
on placing the lamp gp^ 

under it, you will if 

soon see the spirit 
and water succes- . 
sively come ove^^ — 

EnUiy. But you 
do not mention al- 
cohol amongst the 
products of the dis- 
tillation of wine; 
and yet that is its 
most, essential, in- 
greijient. 

Jirr*. B. The al- 
cohol is contained 
in the brandy which 
is now coming over . 
and dropging front 
the still, (grandyis 
mthing metre ih^ft 
a mixture of alcohol- 
and water; and in/ 
order^ to obtain the 
alcohol pure, wo^ 
roust again ;^stil 4t 
from brj^ndyt^ 

Cdroliner^ have, just taken a drop on my finger ; it tastte like 
strong brandy, but it is without colour, whilst brandy is of a deep, 
yell.ow. ^ 

jifrs. B. It is not so natujrally ; fia its pure state, brandy is colour- 
less, and it obtains the yellow tint you observe, bv extracting tl^ 
colouring matter from the new oaken casks in which itis kept^ But 
if it does not acquire the usual tinge in this way, it is the custom to 
colour the brandy used in this country artificially with a litte burn^ 
sugar, in order to give it the appean^nce. of having been long kept.1 

Caroline. And is rum also distilled from wine? 

Mrs. B. Hy no means ; pis distilled from the sugar cane, a plant 
which contains so great a quantity of sugar, that it yields more al- 
cohol than almost any other vegetable. After the juice of the cane 
hafl been pressed out for making sugar, what still remains in the 
bruised cane is extracted by water, and this watery solution of su- 
gar is fermented, and^ pitxluccs rua^ 




A. Altiiibie..^]^. Luap. — C. Win^ 



1 1 78. When wine is distiUed what is the product ? 

1179. What is brandy ? 
1J80. ~ - - 
1181. 



From what does brandy obtain its cok)uring?/^^^^i^ 
From what and how is rum distilled I og i-^y^<^<^8i<- 
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The spiritous li^fiMr called araek is in a similar manner distilled 
from the product of the vinous fermentation of rice. 

Emily- But rice has no sweetness ; does it contain any sugar ? 

JIfrf. B. Like barley, and most other seeds, it is insipid until it 
has undergone the saccharine fermentation ; and this, you must re- 
collect, is always a previous step to the vinous fermentation in those 
vegetablies in which sugar is not already formed. Brandy may, in 
the same manner, be obtained from mcjt. 

Carolint. Yon mean from beer, I suppose ; for the malt must 
have previously undergone the vinous fermentation. 

J^rs. B. Beer is* not precisely the product of the vinous ferment*- 
ation of malt. For hops are a necessary ingredient for the forma- 
tion of that liquor ; whilst brandy is distilled from pufe fermented 
malt. But brandy, no doubt, might be distilled from beer, as weVt 
as from any other liquor that has undergone the vinous fermentai- 
tion : for since t|)e basis of brandy is alcohol, it may be obtained 
from any liquid that contains that spiritous substance. ' 

Emily- And pray, from what vegetable is the favourite spirit of 
the lower on^rs of the people, gin, extracted .'* 

J\irt. B. (The spirit (which is the same in all fermented liquors)- 
may be obtained from any kind of grain ; but the peculiar flavour 
which distinguishes gin is that of juniper berries, which are distillecf 
together with the graim 

1 think the brandv contained in the wine which we are distilling, 
roust, by this time, be all come over. Yes^^taste the liquid that is 
now dropping froin the alembic. 

Caroline, It is perfectly insipid, like water. 
. Jtfr». B, It is water, which sis I was telling you, is the second 
plpoduct of wine, and comes over after all the spirit, which is the 
lightest part, is distilled., The tartar, and extractive Colouring 
Aiatter we shall find in a solid form at tbe'bottom of the alembic. 

Emily. They look very much like the loes of wine. ^ 

Jdrt. B . And in many respects, they are of a similar nature,m>r 
lees of wine consist chiefly of tartnt of potash ; a salt which exists 
in the juice of 'the grape, and in many other vegetables, and is de- 
veloped only by the Vinous fermentatibn. Dunng this operation, it 
iff precipitated, and deposits itself on the internal surface of thie 
cask iu which the wine is contained. It is much used in medicine, 
and in various arts, particufarly dying, under the name of eretnn of 
tartar^ and it is from this salt that the tartarous acid is-obtainedj 

Caroliru, But the medicinal cream of tartar is in appearance, 
quite different from those dark coloured dregs; it is perfectly 
coloudess. 

Mri. B. Becau^ it consists of the pure salts on^, in its crystal- 
lized form ; whilst in the instance before us,' it is mixed with the 
deep coloured extractive matter, and other foreign ingredients. 

Emily* Pray, cannot(we jnow dbtain^pure aTcohoI from the bran- 
dy which we have distilled ?\ 

Mrt, B. We might; b^t the process would be tedious; for in 
order to obtain alcohol perfectly free from water, it is necessary to 
distil, or, as the distillers call it, rectify it several times. You must 

1 182. From what and how is gin distilled P 

1183. What is (he origin of the cream of tartar ? 

1184. From what may alcohol be obtained ^ ^ i 
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therefore, allqw me to produce a bottle of alcc^l that has been 
thus purified. This is a very itpportant ingredient, which has ormnj 
•striking properties, besides- its formuig the basis of all spiritftus 
liquors. ^ -^ 

Emily^ni is alcohol} I supp()sp, that produces intoxicatiott ^ 

JUrt, B, Cei^tainlri but the stimqius and momentary energy it 
•Ifives to the systemli and the intoxication it occasions when talten 
m excess, are circumstances not yet accounted for. 

Caroline. I thought that it produced these effects by increasing 
-the rapidity 6f the circulatioin of the blood ; for drinking wine or. 
spirits, I have heard always quickens the pulse. 

Vtfr*. B. N o doubt j/fEe spirit by stimulating the nerves increases 
-ihe action of the muscfes ; and the hearty which is one of tb<e stronf- 
^est muscular organs, beats with augmented vigour, and propels tfie 
blood with accelerated quick&ess. ,, After such a strong excitation 
the frame naturally suffers a proportional degree of depression, so 
^tbat a state of debility and' languor,, is the invariable Consequence 
of intoxicatioSv But though these. circumstances are well ascer* 
tained, they ape far from explaining why alcohol should produce 
« such effects. 

£m%. Liqueurs are the only kind of spirits which L think plea- 
• sant. Pray, of what do they consist ? 

Mr8,;B. They are coippo^ed of alcohol, sweetei^d with syrup,- 
.^and flavoured wttbyolatiie oil. 

The different -kinds «f odoriferouft spiritous waters are likev^ke 
^solutions df volatile oil in alcobo), as lavender, water, eau de Co- 
''longe, &A 

The cnemical propeUies of aicohol are infiportant^and numerou9. 
It id one of the most powerful chemical agents, and(is particularly 
nsefcrl in dissolving a varitty of axibstances^^ivirhict^are soluble pei- 
.ther by water njpr heat^ 

EwUifi We have seo^ it dissolve copal and mastic to $>nn var« 
•.Dishes ; and these resins are certaiiPily not soluble in water, since 
vwater precipitates them from their jolution in alcohol 

Mrs. B. I am happy to find ihH you recollect these circum- 
stances so wdll. .The isame experiment affords also an instance of 
^another property of atet)ht>ly*^its tendeney to unite with water ; for 
the resin is precipitated in consequence of losii^he alcohol, which 
' abandons it from its pr^erence for water. It Is intended also, as 
vyou may recollect, with the same peculiai* circumstance of a dis- 
- engagement of heat, and consequent diminution df bulk, which we 
have supposed to be produced by a raeohanical peoetratioa of par- 
V tides, by whibh latent heat is forced out. 

Alcohol unites thus readily not only with i;esins and with water, 
'<bat with oils and balsams ; these oempounds form the extensive 
.:c|a88 of elixirs, tinctures, quixitessenoesv'&c. 



^ *" 

^ 



'EmUy, I suppose that alcohol must be hig:My combustible, since 
, contains so large a proportion 6f hydrog^N 



,1185. What is the intoxicatiug principle in spiritous liquors ? 
"1186. How does it produce this effect ^ 

a 187. What are the different kinds of odoriferous spiritous wa- 
iters? • , ■ ■ . 

1188. What are some of the moat peculiar uses of alcohol? 
•.1189. W^y are brandy and other spl^tou^ liquors so cooibustible } 
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Jdrs,B. Extremely so; aod it ^ill 'burn at > very roode^tc 
temperature. ' 

Caroline. I have often seen both brandy and spirit of wine burnt ; 
they produce a great deal of flame, but Dot a proportional quaptity 
of heatj and no smoke whatever. ' 

Mn, B, The last circumstance arises frorii^eir comliustion be- 
ing complete) and the disproportion belween^the flame and beat 
shoyirs you tKat these a^e by no means synonymous. ' 

pThe great quantity of flame proceeds from the combustion of the 
hydrogen, to which you know that manner of burning is pecuIiafX*' 
Have you not remarked also, that brandy and alcohol will binn 
without wick ?— (They take fir^ at so low a temperature, that this 
assistanee is notrequired to copcentrate the heat and volatilize the 
fluidj 

c£rolme, I have sometimes seen brandy burut by merely heating 
it in a spoon. . /" ^ 

Jtfr#. B, The* rafpidity of the combtistion of alcohol* ifaay,, bow- 
ever, be prodigiously increased by first volatilizing. An ingenious 
instrument has bedn construdted on this principle to answer th6 
purpose of a blow-pipe, which may be used for melting ijlass* or other 
chemiesd purposes. It consists of « small metallic vessel, (ifig, 35,) 
of a spherical shape. Pig. 35. 

'Whi<^ contafns the aico* Alcohol Bloxxmipe. 

hoi, and is heated by the ' 

lamp beneath it^ as soon 
as ^tbe «lcohot is vola- * 
tilized,'it passes thro' the 
spout of ^ the vessel, and 
issues 'j«st above the 
wtckof the lamp 4vhich 
immediately sets "fire to- 
the«tream of vapour, as 
I shall^how you.* 

Emily. With what 
amazing violence it 
burns ! The flame of( 

alcohol, in the . state of '^ 

vapour, is;Ifancy,rouch C t^. ,„p...:E. Th. T...ei i. ^icb th,^iPPhoi i. boij. 

nOlter -than -Wnen the In^V-r. safety Talv^.—O. Th« fn^ed j«t or tteam of *i- 

spirit -^is merely burnt <^*'*"'* d««oi«d tomrdi « piau tobt hY ' 
in aspoon. 

Jlfn, B. Yes ; 4>ecau8e m this way the combustion goes on much 
quicker, and, of course, the heat is prt>portionally increased.— fOl)- 

*<i spirit lamp, which answers very well for bending small glass 
tubes, may be constructed by almqst any one. Take a IpV vial 
with a wide month, fit a cork to it, and |)ierce the cork to admit a 
piece of glass tuW, the bore of which is About the size of a large 

1190. Why is no «moke produced yvhen brandy or spirit of wine 
is bun^t? 

1191. Why will brandy and alcohol" burn without a wick ? 

1192. How would ycju ^escribe ,the experiment represented J9 
%• 3^? 

119q. ?How would you tilesqrilje the «pii^g|a^£oogle 
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serteits effect on this small glass tube, the middle of which I pre- 
sent to the extremity of the flame, where the heat is g^reatest. 

Caroline. The glass, in that spot, is become red hot, and bends 
from its own weight. 

JUrs. B» I have now drawn it asunder, and am going to blow a 
ball at one of the heated ends ; bat 1 must previously close it np 
and flatten it with this little metallic instrument, otherwise the 
breath would pass through the tube without dilating any part of it. 
— NoiV" Caroline, will you blow strongly into the lube whilst the 
. tlosed end is red hot ? 

Emily, You b\ow too hard; for the ball suddenly dilated to a 
great size, and then burst into pieces. 

Mrt, B. You will be more expert another time ; butl must cau- 
tion you, should you ever use this blow-pipe, to be very careful that 
the combustion of the alcohol does not go on with too great vio- 
lence, for I have seen the flame sometimes dart out with such force 
as to reach the opposite wall of the room^ and set the paint on fire. 
There is, however, no danger of the vessel bursting, as it is provi- 
ded with a safety tube, which affords an additional vent for the va- 
pour of alcohol when required. 

The products of the combustion of alcohol consist in^ great pro- 
portion of water, and a small quantity of carbonic acid^ There is 
DO smoke or fixed remains whatever — How do you account for 
that, Emilv I 

Emily. I suppose that the oxygen which the alcohol absorbs in 
burning, converts its hydrogen mto water, and its carbon into car- 
bonic acid ffas, and thus it is completely consumed. 

Mrs, B, Very well.— iJ/Aer, the lightest of all fluids^ and with 
which you are well acquainted, is obtaine4(?com alcohoH ot which 
it forms the lightest and most volatile part.^ ^ 

Emily. Ether, then, is to alcohol, what alcohol is to brandy. 

Mrs. B. No ; there is an essential difference. /In order to ob- 
tain alcohol from brandy, ypu need only deprive the latter of its 
water; but ioj the fprmati^^ ^f ether; the alcohol ^ust be decom- 
posed, and one of its cortstitacfnts partly subtracted^ I leave you to 
guess which of them it is. ^ 

Emily. It cannot be hydrogen, as etber is more volatile than al- 
cohol, and hydrogen is the lightest of all its ingredients .* nor do I 
suppose that it can be oxygen, as alcohol contains so small a propor- 
tion of that principle ; it is, therefore, most probably, carbon, a di- 
minution of which would not fail.to render the new compound more 
volatile. ■*« . 

Mrt. B. You are perfectly right. iSW ibmoation of ether con- 
sists simply in subtracting from the alcoEol a certain proportion bf 
carbon ; this is effected^by the action of the sulphuric, nitnc, or mu- 

goosequill. Let the tube rise an inch or two above the cork — 
pass some cotton wick through the tube— then fill the vial with al- 
cohoL and put the cork and tube in their places. The lamp is then 
readyl ^ 
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1194. What is the composition of alcohol ? 

1195. From what is ether obtained ? 

1196. How does it differ from alcohol ? 

1197. In what does the formatioo of ether consist ?r^ i 
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riatic acidt, on alcohoL) The acid and carbon remain at the bot- 
tom of the vessel, wbiist (be decarbonized alcohol flies off in the 
form of a condensable vapour, whicb is ether, 
(^ther is the most inflammable of all fluids) and burns at so low a 
tehiperature that the heat evolved during^'^its combustion is more 
than is required for its support, so that a quantity of ether is volati- 
lized, which takes fire, and gradually increases the violence of the 
cojcbustion. 

fSir Humphrey Davy has lately discovered a very singular fact re* 
specting the vapour of ether. If a few drops of ether be poured in- 
to a wine-glass, and a fine platina wire, heated almost to redness, be 
held suspended in the glass, close to the surface of the ether, the 
wire soon becomes intensely red hot, and remains so for any length 
of time^ We may easily try the experiment. 
■ Carmine. How very curious ! The wire is almost white hot, and 
a pungent smell rises from the glass. Pray liow is this accounted 
for? 

JUIrs. B, This is owing to a very peculiar property of the vapour 
of etheri and indeed of many other combustible gaseous bodies. At 
a certain temperature lower than that of ignition, these vapours un- 
dergo a slow and imperfect combustion, which does not give rise, 
ib any sensible degree, to the phenomena of light and flame, and 
yet extricates a quantity of caloric sufficient to re-act upon the 
wire, and make it red hot, and the wire in its turn keeps up the ef- 
fect as long as the emission of vapour continues. 

This singular effect, which is also produced by the alcohol, may 
be rendered more striking, and kept up for an indefinite length of 
time, by rolling a few coils of platina wire, of the diameter of from 
about l-60th to l-70th of an inch, round the wick of a spirit-lamp. 
If this lamp be lighted for a moment, and blown out again, the wire, 
after ceasing for an instant to be luminous, becomes red hot again, 
though the lamp Is extinguished, and remains glowing vividly, till 
the whole of the Spirit contained in the lamp has been evaporated 
and consumed in this peculiar manner. , 

Caroline. This is extremely- curioui. But why should not an 
iron or silver wire produce the same effect ? 

JUrs: B.\ Because either iron or silver, being nuch better con- 
djuctors of beat than platina, the heat is carried off too fost by those 
metals to allow the accumulation of caloric necessary to produce 
thj& effect in questioo« 

Ether is so light that it evaporates at the common temperature of 
the atmosphere ; it is therefore necessary to keep it confined by a 
well ground glass stopper; No degree of cold known has ever m>- 
zenit.* 



'^ Ether freezes and shoots into crystals, at 46^ below the zero of 
Fahrenbeit.^O. 

< 198. W hat is theifiost inflammable of all bodies ? 
1 1 99. What singular effect has Sir H. Davy lately discovered re- 
specting the vapour of ether ? 
l^OD. How may this effect be rendered more striking? 

1201. Why would not an iron or silver wire produce the 
effect? 

1202. At what deg^ofcoldwiUetlMr freeze? 
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Caroline. U it not often taken medi^inallj ? 

Mrs B, Yes ; it is one of the most effectual antispasmodic medi^ 
cines, and the quickness of its effects^ as auch, prohably depends on 
its being instantly converted into yapour by the heat of the stomach, 
through. the intervention of which it acts on the nervous system. 
But the frequent use of ether, like thatof spiritous liquors, becomes 
prejudicial, and, if taken to excess, it produces effects similar to 
those of intoxication. 

We may now take our leave of the vinous fermentation, of which, 
I hope, you have acquired a clear idea ; as well as of the several 
products that are derived from it. 

Caroline. Though this process appears, at first sight, so much 
complicated, it may, I think, be summed up in a few words,/a8 it 
consists in the conversion of sugar and fermentable bodies into alco- 
hol and carbonic acid, which gives rise both to the formation of 
wine, and of all kinds of spiritous liquors^ 

Mr»: B We shall now proceed to the ncelous fermentation, which 
is thus called^ccause it converts wine into vinegar, by the forma- 
tion of the acdtous acid, which is the basis or radical of vin^gaK 

Caroline. But is not the acidifying principle of the acetou/acid 
the same as that of all other acids, oxygen P 

Mrs. B. Certainly : and on that account the contact of air is es- 
sentia^l to this fermentation, (s^ it affords the necessary supply of ox- 
ygeiA Vinegar, in order t(robtain pui"e acetous acid from it, inust 
be distilled and rectified by certain processes. 

Emily. But pray, Mrs. B. ■ is not the acetous acid frequently 
formed without this fermentation taking place ? is it not, for in- 
stance, contained in acid fruits, and in every substance that be- 
comes sour P 

Mrs, B. No, not in fruits; you confound it with the citric, he 
malic, the oxalic, and other vegetable acids, to which living vege- 
tables owe their acidity. But whenever a vegetable substance 
turns sour, after it has ceased to live, the acetous acid is developed 
by means of the acetous fermentation, in which the substance ad- 
vances a step towards its final decomposition^^ 

Amongst the various instances of acetous fermentation thatof 
bread is usually classed 

Caroline. But the fernuBntation of bread is produced by yeast ; 
how does that effect it ? ' 

Mrs. B. It is found by experience that any substance that has 
already undergone a fermentation, will readily excite it in one that 
is susceptible of that process. If, for instance, 'you mix a little vine- 
gar with wine, that is intended to be acidified, it will absorb oxygen 
more rapidly, and the procesibe completed much sooner, than if lef^ 
to ferment spoil taneou sly. -Thus yeast, which is a product of th^ 
fermentation of beer, is usetr to excite and accelerate the fermenta . 

1203. How may the process of the vinous fermentation be ex- 
pressed in a few words ? 

1204. Why is the third fermentation called acetous ? 

1^5. Why is the contact of air necessary to produce the acetous 
fermentation ? 

1206. What is the reason that wine, or cider, when corked tight 
does not turn to vinegar ? 

1207. How is the fermentatton of bread produced by yeast ? 
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tion of malt, which is to be convertediiito beer, as well as that of 
paste, which is to be made into bread) 

Caroline, I^ut if bread undergoes the acetous fermeutatioD, why 
is it act sour? 

Jttrt. j3. /It acquires a certain savour which corrects the heavy 
insipidity or flour, and may be reckoned a first degree of acidifica- 
tion, or if the process were carried further, the bread would become 
decidedly acidu) 

There are, however, some chemists who' do not consider the fer- 
mentation of bread as being of the acetous kind, but suppose, that it 
is ^..process of fermentation peculiar to that substance. 

f'Theputridfermmtationis the final operation of Nature and her 
last step towards reducing organized bodies to their simplest combi- 
naliona. All veis^etables spontaneously undergo this fermentation 
after death, provided there be a sufficient degree of heat and mois- 
ture, together with access of air ; for it is well known that dead 
plants may be preserved by drying, or by the total exclusion of air. 

Caroline. But do dead plants undergo the Other fermentatioos 
previous to this last ; or do they immediately suffer the putrid fer-> 
mentation ? . 

Jlrg. B. That depends on a variety of circumstances, such as the 
degrees of temperature and of moisture,the nature of the plant itself, 
&c. But if you were carefully to follow and examine the decompo- 
sition of plants from their death to their final dissolution, ^rou would 
generally find a sweetness d'eveloped in the seeds, and a spiritous fla- 
vour in the fruits (which have undergone the saccharine fermenta- 
tion,)previous to the total disorganization and separation of the parts. 

Emily. I have sometimes remarked a kind of spiritous taste in 
fruits that were over-ripe, especially oranges, and this was just be- 
fore they became rotten. 

Mrs. B.f It was then the vinous fermentation, which bad succeed- 
ed^e saccharine and had you followed up these changes attentive- 
ly, you would probably have found the spiritous taste followed by 
acidity, previous to the fruit passing to the state of putrefactioh^ 

;\Vhen the leaves fall from the trees in the autumn, they do not (if 
there is no great moisture in the atmosphere) immediately on<iergo 
a decomposition, but are ,first dried and withered ; as soon, howev- 
er, as the rain sets in, fermentation Qommences, their gaseous pro- 
ducts are imperceptibly evolved into the atmosphere, and their fixed 
remains mixed with their kindred earthj 

Wood, when exposed to moisture, als6 undergoes the putrid fer- 
mentation, and becomes rotten. 

EmUy. But I have heard that the dry rpt^ which is to liable to de- 
stroy the beams of houses, is prevented^by a current of air ]^, and yet 
you said that the air was essential to th^ putrid ferm^eptatibo ? 

Mrs. B. True ; J>ut it must not be in such a proportion to the 
moisture as to dissolve the lattei^> and this is generally the case when 

120B. Why then is it not sour ? 

1209. What is the final fermentation in reducing organized bodies 
to their simplest combinations ? 

1210. What is mentioned of oranges, and other over-ripe fruit, as 
illustrating the above principles of fermentation ? 

121 1 What is said of the fermentation of leaves ? 

1212. How may the dry rot be prevente4i|tized by Google 
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the rotting of wood ia preveoted or stopped by thd free access of air. 
What is commonly calle(}j(rj rot, however, is not, I believe, a true 
process of putrefaclioti. It is supposed to depend on a peculiar kind 
ofvegetation, which, by^ feeding^ on the wood, gradually destroys iS 
/(Straw and all other kinds of vegetable matter undergo the putria 
jTermentation more rapidly when mixed with animal matter. Much 
heat is evolved during this process, and a variety of volatile products 
are disengaged, as carbonic acid -and hydrogen gas, the latter of 
which is frequently either sulphurated or phosphorated. When all 
these gases have been^evblved, the fixed products, consisting of car- 
bon, small quantities of salts, potash, &c. form a kind of vegetable 
earth, which makes very fine manure, as it is composed of those ele- 
ments which form the immediate materials of plants^ 

Caroline. Pt^y are not vegetables sometimes preserved from de- 
composition by petrifaction ? 1 have seen very curious specimens of 
petrified vegetables, in which state they perfectlv preserve their form 
and organization, though in appearance they are changed to stone. 
J^rs. B. That is a kind of metamorphosis, which, now that you 
are tolerably well versed in the history of mineral and vegetable 
substances, I leave to your judgment to explain. Do yoti imagine 
that vegetables can be converted into stone P 

JBmi/y. No, certainly ; but they might, perhaps, be changed to a 
substance in appearance resembling stone. 

Mrs. B: It is not so, however, with the substances that are called 
petrified reffetables ; for these arfe really stone, and generally of the 
hardest kind, often consisting chiefly of silex.) The case is this : 
(^hen a vegetable is buried under water, or \9tt in earth, it is slowly 
and gradually decomposed^ As each successive particle of the veg- 
etable is destroyed, its place is supplied by a particle of silicious 
earth, conveyed thither by the water. In the course of time the 
vegetable is entirely destroyed, but, the silex has completely re- 
placed it, having assumed its fortn and apparent texture, as if the 
vegetable itself were changed to stone^ 

Caroline, That is verv-curiousl iandl suppose that petrified ani» 
mal substances are of the same nature ? 

Mn. B. Precisely. It is equally impossible for either animal or 
Vegetable substances to be converted into stone. They may be re- 
duced, as we find they are, by decomposition, to their constituent 
elements, but cannot be changed to elements which do not enter 
into their com positioDf. 



* ■ 



' Petrefactions are ofiwo kinds] viz. \0ticeou8, when flinty parti- 
cles take the place of the original substance, and co/carecm*, where 
the substance appears to be changed to lime-stone. The first kind 
gives fire with steel, and the other effervesces with acids;*-C. 



1213. On what is the dry rot supposed to depend P 
12 J4. Why will animal matter, mixed with straw and other veg* 
etable substances, hasten fermentation ? 
•1215. What are vegetable petrifactions ? 
1^16. How are vegetaible petrifactions formed ? 

1217. How many kinds of petrifaeiions are there ? 

1218. Wha,t are they called^ and what are their propertieisj 
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^ There are, however, bircumstskiices which frequently prevent the 
T^ularand final decomposition of vegetables : as for instanoe, wheo 
th^y are buried either in the sea, or in the earth, where they -cannot 
undergo the putrid fermentation for want of air. ' In these cases 
^hey are subject to a peculiar change, by which they are converted 
"into a new class of compounds, called 6i/um«Ai. 

Caroline* These are substances 1 eever heard of before. 

Mrs. B, You will find, however, that some of ihem are v«ry fa- 
miliar to you. ^itumens are vegetables so far decomposed as to re- 
tain no organ ic^appearance ; but their origin is easily detected by 
their oily nature, their conybustibility, the products of their analy- 
sis, and the impression of the forms of leaves, grains, fibres of wood, 
and even of animals, which they frequently bear^ 

They are sometimes of an oily^ liquid consistence, as the sub- 
stance called naptka,* in which we preserved potassium ; it is a fine 
transparent, colourless fluid, that issues out of clays in some parts of 
Persia. But more frequently bitumens are solid, as asphaltumf^ 
smooth, bard, brittle substance, which easily melts, and forms, in^ib 
liquid state, a beautrf'ul dark brown oolor for oil painting^ Jety 
which is of a still harder texture, is a peculiar bitumen, susceptible 
of so fine a polish, that it is used for many ornamental purpose^ 

{pool is also a bituminous substance, to. the cpm position of which 
both the mineral and animal kingdoms seem to concur. This moat 
useful mineral appears to consist chiefly of vegetable matter, mixed 
with the remains of marine animals and marine salts, and occasion- 
ally containing a quantity of sulphuret of iron, commonly called 
pyritesA 

EmUi. ^^ is* I suppose, th^ earthy, ihe metallic, and the saline 
parts of coals, that compose the cinders or fixed products of their 
combustion: whilst the hydrogen and carbon, which they derive 
from vegetables, constitu te their volatile prod ucts. 

Caroline, Pray is not cofce, (which I have heard is much used in 
some manufactures,) also a bituminous substance f 
_ J\Irs, B. No ; it is a kind of fuel artificially prepared from coals. 

S consists of coals reduced to a substance analagous to charcoal by 
e evaporatioq of their bituminous parts. Coke, therefore, is com* 
posed of caroon, with some earthy and saline ingredients^ 

ySuceihy or. yelliyw amber^'is a bitumen which the ancients called 
tleetrvmy from whence the word electricity is derived, as that sub- 
gtanceis peculiarly ,. and was once supposed to be exclusively, elec- 
tric) (It is found either deeply buried in the bowels of the earth, or 

^^^aptha appears to be the only fluid in which oxygen does not 
exist;, heoce its property of preserving potassium which h^ so strong 
an affinity for oxygen as to absorb it from all other fluids^ It bow- 
.^ver loses this property by exposure to the atmosphere, probably, 
because it absorbs a small quantity of air$ or moisture. It is agaia 
restored' by distillation. — C, 



1^19. What are bitumens, and howave they formed .^ 

1220. What is^asphaltum .? 

1221. What is jet? 

1222. What is coal? 

11224. What is yellow amber ? « d 
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floating on the sea, aadis supposed to be a resinoas body which has 
beeo acted on by saiphuric acid, as its analysis shows it to consist 
of an oil and an acid. The oil is called oil rf ambor^ the acid the 
succinnicS 

Emi^^ThiA oil I ha^e sometimes used in painting, as it is reck- 
oned to change less than the other -kinds of oil. 

Mrs. B. The last Class of vegetable substances that have chang- 
ed their nature are faetU-iwood^ peat* and turf* /^hese are com- 
posed of wood and roots of shrubs, that are partly decomposed by 
being exposed to the moisture under ground, and yet in some meas- 
ure, preserve their form and organic appearance. The peat, or 
black earth of the moors, retains but few vestiges of the roots to 
which it owes its richness and combustibility, these substances be- 
ing in the course of time,, reduced to the state of vegetable earth. 
But in turf the roots of plants are still discernible, and it equally .an- 
swers the purpose of fuel. It is the combustible ^used by the poor in 
heathy countries, which supply it abundantly 

U is too late this morning to enter upon the history of vegetatioiw 
We shall reserve this subject, therefore, to our next interview, 
when I expect that it will furnish us with ample matter for another 
conversation. 

CONTCMISATION XXH. 

HISTOBT OP TEGETATlONw 

J\tr8. B. u^he vegetable kingdo^may be considered as i^he link 
which unites the mineral and animal creation into one common 
chain of beings ; for it is through the means of vegetation alone that 
mineral substances aj^ introduced into the animal system ; since, 
generally speakingMt is from vegetsa>les thatall animals ultimately 
derive their $ustenalkc<^ 

Carolina. 1 do not understand that ; the human species w^siit at 
much on animal as on vegetable food. 

Jlfr». J3. That is true ; but you do not consider that those that live 
on animal^ food, derive their sustenance equally, though not so im- 
jnediately^ from vegetables. The meat which we eat is formed 
from the herbs of the field, and the ^cey of carnmrous animals pro- 
ceeds either directly or indirectly iCrom .the same source. It is, 
therefore, through this channel, that ihe simple -elements become a 
part of the animal frame. We should in vain -attempt to derive 
noorishment from oarbdn, hydrogen, and oxygen, either in their 
separate state or combined in the mineral kmgdom ; for it is onlji^ 



1225. Where is it found ? 

1226. What are fossil- wood, peat and turf? 

1227. Why does naptha preserve potassium ? 

1228. Wlmt is considered as uniting the mineral and animal cre- 
ation ? 

1229. From whence do all anitnale derive their ^sustenance? 

1230. In what state are carbon, 'hydrogen, and oxygen capabia 
«iif afibrding nourishment ? 
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being united in the form of reg^etaWe combination that tb^ become 
capable of conreyioff nourishmeop .,. ^ _:..,. ,0^ . 

Emily. Vegetation, then, seems to be ihe method which Nature 
employs to prepare the food of animals ? 

jkrs.B. That is certainly its principal object. The vegetable 
creation does not exhibit more wisdom in that admirable system of 
organization, by which it is enabled to answer its oWn immediate 
ends of preservation, nutrition and propagation, than in its grand 
and ultimate object of forming those arrangements and combina- 
tions of principles, which are so well adapted for the nourishment of 

Emily. But T am very curious to know whence vegetables obtaia 
those principles which form their immediate materiaasr 

Mrs. B. This is a point on which we are yet po much in the dark 
that 1 cannot hope fully to satisfy your curiosity ; but what little I 
know on this subject, 1 ^hall endeavor to explain to you. 

rfhe soil which at first view, appears lo be the element of vegeta- 
bles, is found on a<jloser4nve8tigation,to'be little more tharf the 
♦ channel through which they receive their nourishment so that it 
is very possible to ifear plants without any earth or 8017.* 

♦ The opinion that water is the only food of plants, was adopted 
by the learned on this subject in the 17th century ; and inany ex- 
periments were made which seemed to prove that this was the 
-toulh. Among others was a famous one by Van Hehnout, which 
for a long time 'was supposed to have established the point beyond 
all doubt. tJie planted a willow which weighed five pounds, in an 
earthen vealel containing SOOlbs. of dried earth. This vessel was 
sunk into the ground, and the tree was watered, sometimes with 
^distilled, and sometimes with rain water. . ^ ^ ^^;^,^ 

At the end of five years the willow weighed 169 lbs. ; and on 
weighing the soil, dried as before, it was found to have lost only two 
ounces. Thus the willow had gained 464 Ibs.^ and yet its food had 
been only water. The induction from this experiment was obvious. 
Plants live on pure wate^ . This, therefore, was the general opinion 
uutil the progress of chwistry detected its fallacy. Ber|^man* in 
1763, showed by some experiments, that the water which Van 
Helmout had used, contained as much earth as could exist in the 
tree at the end of the five years:; a pound of watercontained about 
a grain of earth. So that this experiment by no means proved 
that the willow lived on water alone. Since this time a great 
variety of experiments have been made for the purpose of deciding 
what was the food of plants. ^Jn the course of these it has been 
found, that although seeds do vegetate in pure distilled water, yet 
the plant is weakly and finally dies before the fruit is matured) 

It is pretty certain, then, that earth is absolutely necessary lo the 
growth of plants, and that a part of their food is taken from thesoiL 
Indeed, the weH'known fact, that a soil is worn out by a longsucces* 



1231. Do vegetables receive their chief aliment from the toil io 
'which thev grow ? 

12^. What experiment wat made by HelmotU to ateertam tke nour' 
dAment of vegetables? 

1233. What vtHl be the condition of planti in pure water onljff 
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Caroline, Of that we have an iD9taDce in the hj^acinth and other 
balbbus roots, which will g^row and blossom beautifully io elasses of 
water. But I confess I should think it would be difficult to rear 
trees in a similar manner. 

J^fn, B' No doubt it Would, as it is the burying of the roots In 
the earth that supports the stem of the tree. But this office, besides 
that of affording a vehicle for food, is far the most important part 
which the earthy portion of the soil performs in the process of ve- 
getation ; for we can discover, by analysis, but an extremely small 
proportion of earth in vegetable compounds^ 

Caroline. But if earths do not afford nourishment, why is it ne- 
cessary to be so attentive to the preparation of the soil ? 

Mrs. B.(Tn order to impart to it those qy^lities which render it 
a proper veiiicle for the food of the plan?. /Water is the chief nour- 
ishment of ve^etablej; if, therefore thesoirbe too sandyj^ will ngt 
retain a quantity of water sufficient to supply the roots ofthe plants/ 
^f, on the contrary^ it abounds too much with clay, the water win 
lodge in such quantities as to threaten a decomposition of the root^' 
Calcareous soils are, upon the whole, the most favourable to the 
growth of plants: soils are, therefore, usually ixnproved by chalk, 
which you may recollect, is carbonat of lime. Different vegetables 
however, require different kinds of soils. Thus, rice demands a 
most retentive soil ; potatoes, a soft sandy soil ;' wheat, a firm and 
rich soH. Forest trees grow better in fine saod, than in a stiff* clay ; 
and a light ferruginous soil is best suited to fruit trees. 

Cnrohne, But pray what is the use- of manuring the soil ? 

J^rs» B» Manure consists of all kinds of substances whether of 
vegetable cr animal origm, which have undergone the jputrid fer- 

sion of crops, and finally becomes steril unless D^mured, is good 
prM)f that plants do absorb something from it. 
/^aussure has shown that this is the fact, and also that the earth, 
which is always found in plants, is of the same kind, as that on 
which they grow. Thus trees growing in a granitic soil, contain a 
large proportion of silica, while those growing in calcareous soil, 
contain little silica, but a great proportion of calcareous earth^ 

In addition to what plants absorb from the ground, therd is no 
doubt hut they obtain a part of their nourishment from water and 
air. Some experiments made at Berlin, sbow that wheat, barley, &c. 
contain a quantity of earth though fed only on distilled water. 

From the air, plants absorV carbonic acid gas. The carbon they 
retain, which forms the greatest part of their bulk. The oxygen is 
emitted, amd goes to purify the atmospl^ere. 

Thus it is seen tha^fants obtain their food from the earth, from 
water; and from ifhe air.— C. { 
.-, — — 1^ ^ — ^ 

1234. Whatfacli did Sausture discover relating to this subject ? 
1235 Whence doplanls derive tkeirfood ? 

1236. If earths do not afford nourishment, why is it necessary to 
be so particular in enriching the soil!* 

1237. What is the nourishment of vegetables i 

1238. What is the consequence to vegetables if the soil is too 
sandy ? 

1239. What if it abounds too much with clay } 
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roentartioD, and are ooDsequeatly decomposed, or nearly to, into 
tieir elementary principles. And it is requisite that these vegeta- 
ble matters should be in a state of decay, or approaching decompo- 
sition. The addition of calcareous earth, in the state of chalk or 
lime, is t^eneficial to such soils, as it accelerates the dissolution of 
vegetable bodies. Now^ 1 ask you; what is the utility of supplying* 
the soil withlhese decomposed substances..? 

Caroline* fft is, I suppose, in order to furnish vegetables with the 
principles which enter into their composition. For manures not 
only contain carbon, hydrogen apd oxygen, but by their decompo- 
sition supply the soil with these principles \o their elementary fornCj 

Mrs. B. Undoubtedly ; and it is for this reason that the fine^ 
crops are produced in fields that were formerly covered with woods, 
(because their soil is composed of a rich mould, a kind of vegetable 
earth which abounds in those principle^ 

Emily. This accounts for the plentifi^lness of the crops produced 
in America, where tl^e country was, but a few years since, covered 
wiih wood. . 

Caroline. But how is it that animal substances are reckoned to 
produce the best manure ? Does it not appear much more natural 
that the decomposed elements of vegetables Should be the most ap- 
propriate tojhe formation of new vegetables ? 

jilrs. B. fl^he addition of a much greater proportion of nitrogfen, 
which constitutes the chief difference between animal and vegeta- 
ble matter. Tenders the composition of the former more complicated 
and consequently morefavourable to decompositio8| 

Indeed the use of animal substances i:< chiefly to give the first im- 
pulse to the fermentation of the vegetable ingredients that enter in- 
to the composition of manures. The manure of a farm yard is of 
that description; but there is scat'cely any substance susceptible of 
undergoing the putrid fermentation, that will make good matiure. 
The heat produced by the fermentation of manure is another cir- 
cumstance which is extremely favourable to vegetation; yet this 
heat would be too great if the pnanure was laid on the ground dur- 
ing the height of fermentation ^ it is used in this state only for hot- 
beds to produce inelons, cucumbers, and such vegetables as require 
a very high temperature. ^ 

Caroline. A difficulty has just occurred to me which I do not 
know how 'to remove. Since all orgapized bodies are, in the com- 
mon course of njiture, ufltimately reduced to their elementary state, 
they must necessanily in that stata #irrch the soil, and afford food 
for vegetation. How is it, then, that agriculture, which Cannot in- 
crease the quantity of those elements that are required to manure 
the earth, can increase its produce so wonderfully, as is found to be 
the case in all cultivated countries ? 



^ But what is the use of all this, if « water is the chief nourish- 
ment of vegetables ?" — C. 

i240. What is the use of decomposed substances as is found in 
manure ? 

124 1 . Why are the best crops produced on new lands, or where 
they were recently covered with wood ? 

1242. Why:do animal subsi»nces make4be best manure? 
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Jfr«. J5./Tti9 by suffering none of these decaying bodies to be 
dispersed aVd wasted, but in applying them duly to the soil. It is 
also by a judicious preparation of the soil, which consists in fitting 
it either for the general purposes of vegetation, or for that of the 
particular seed which is to be sown. Thus, if the soil^be too wet, it 
may be drained ; if too loose and sandy it may be rendered more 
consistent and retentive of water by " the addition of clay or loam ; 
it may be enriched by chalk, or any kind of calcareous earth) On 
soils thus improved, manures will act with double efficacy rand if 
attention be paid to spread them on the ground at a proper season 
of the year, to mix them with the soil, so that they may be general- 
ly diffused through it, to destroy the weed» which might appropri- 
ate these nutritive principles to their own use, to remove the stones 
which would impede the growth of the plant, &c., we may obtain a 
pfoduce an hundred fold more abundant than the earth would spon- 
taneously supply. 

Emily. We have a very striking instance of this in the scanty 
produce of uncultivated commons, compared to the rich crops of 
meadows which are occafionally manured. 

Caroline. But, Mrs. B., though experience dail^ proves the ad- 
vantageiof cultivation, there is still a difficulty whicn I cannot get 
over. ,A certain quantity of elementary principles exist in nature, 
which iVis not in the power of man either to augment or diminish/ 
Of these principles you have taught us that both the animal anS 
vegetable creation are composed. Now^e more of them is taken 
up by the vegetable kingdom, the less, it would seem will remain 
for animals ; and therefore, the more populous the earth becomes, 
the less it will product 

Mn, B: Your reasoning is very plausible ; but^zperience ev- 
ery where contradicts the Inference you would draw from it ; since 
we find that the animal and vegetable kingdoms, instead of thriving 
as you would suppose, at each other's expense, always increase 
and multiply together. For you ahoold recollect that animsds can 
derive the elements of which they are formed only through the me- 
dium of vee^etables^ And you must allow that jour conclusion 
would be valid onl/if ev6ry particle of the several principles that 
could possibly be spared from other purposes, were employed in 
the' animal and vegetable creations. Now we have reason to be- 
lieve that a much greater proportion of these principles than is re- 
quired for auch purposes, remains either in an elementary state, or 
engaged in a less useful mode of combiuatibn in the mineral king- 
dom. Possessed of such invmense resources as the atmosphere and 
the waters nSbrd us, for oxygen, hydrogen and carbon, so far from 
being in danger pf workincp up all our simple materials, we cannot 
suppose that we shall ever bring agriculture to such a degree of per- 
fection as to require the whole of what these resources could supply. 
Nature, however, in thus furnishing us with an inexhaustible stock 

1243. How 18 it that agncnltnre, which cannot increase the 
qnantitjT of those element that are required to manure the earth, so 
greatly increases its vegetable products ? 

I £44. Of what are the vegetable and animal creation, composed r 

1945. What objection is made to the principle stated for the ia* 
crease of vegetable productions ? 

1S46. How is this objection answered? 
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of raw roaterials, leases it in some measure to the iogenuitj of mail 
to appropriate them to his own purposes. But, like a kind parent 
she stimulates him to exertion, by jsetting- the example, and point- 
ing out the way» For it is on the operations of nature that all the 
improvements of art are founded. The art of agriculture consists, 
therefore^n discovering the readiest method of obtaining the seve- 
ral principles, either from their grand Sources, air and water, or 
from the decomposition of organized bodies ; and in appropriating 
them in the best manner to the purposes ot vegetatio^ 

Emilu^ But, among the sources of nutritive principles, I am sur- 
prised that you do not mention the earth itself, as it contains abun- 
dance of coals, yi hich are chiefly composed of carbon. 

^rs B. ■ Though coals abound in carbon, they cannot^ ac- 
count of their.hardness and impermeable, textur^ be immSiiately 
subservient to the purposes of vegetation ; and, we find, On the con- 
trary, that coal districts are generally bari'en.. 

Kmily. No; but by their combustion, carbonic acid is produced; 
and this entering into various combinations on the surface of the 
earth, may, perhaps, assist in promoting vegetation. 

J^rs, B. Probably it naay in some degree ; but at any rate, the 
quantity of nourishment which vegetables may derive from that 
. source can be but very trifling, and must entirely depend on local 
circumstances. 

Caroline. Perhaps the smoky atmosphere of London is the cause 
of vegetation being so forward and so rich in its vicinity ? 

J(fr«. B. I rather believe that thiscircumstanceproceeds froin the 
rerv ample supply of manure, assisted^ perhaps, by the warmth and 
shelter, which the town affords. Far from attributing any good to the 
smoky atmosphere of London, T confess I like to- anticipate the time 
when we shall have niade such progress in the art of managing com- 
bustion that every particle of carbon will be consumed, an^ tbe 
tmoke destroyed at the moment of its/ production* We may then 
expect to have the satisfaction of seeing the atmosphere of London 
as clear as tha^ of the country. But to return to our subject: I hope 
that you are now convinced that ^e shall not easily experience a 
deficiencyof nutritive elements to Tertilize the earth, and that pro- 
yided we are but industrious in Applying them to the best advantage 
by improving the art of agriculture, no limits can be assigned to 
the fruits that we may expect to reap from our labour^ 

Caroline' ^e% : 1 am perfectly satisfied in that respect, and I can 
assure you that 1 feel already much n^ore interested m the prpigress 
and improvement of agriculture. 

Emily. 1 have frequently thought that the cnlture of the land was 
not considered as aconcenipfdumcient importance. Manufactures 
always take the lead; andfbealth and innocence are frequently sa- 
crificed to the prospect of a more profitable employment. It has 
often grieved me to see the poor manufacturers crowded together 

I 1247. In what does the art of agriculture consist ? 

1248* Why cannot coals be immediately siibservient to tiie par*> 
poses of vegetation ? 

!. * 1249. Is there any occasion to apprehend a deficiencr of notritive 
elements to fertilisse the earth f 

1250. What objection is ^lade to inanofactiires ? 
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iQ close rooms, 'and confined for the whole day to the^most.unifotrm 
and sedentary employment, instead of being' engaged in that inno- 
cent and salutary kind of labour, which Nature seems to have as- 
signed to man for the immediate acquirement of comfort, and for 
the preservation of bis existence^ 1 am sure that you agree with 
me m thinking so, Mrs B. / * 

J^Jrs S. 1 am entirely of your opinion, my dear, in regard -to the 
importance of agriculture ; but as the conveniences of life, which 
*we are all enjoying, are not derived merely from the soil, I am far 
from wishing to depreciate manufactures. Besides^s^e labour of 
one man is sufficient to produce food for severaQ ^ose whose in- 
dustry is not required in tillage must do something in return for the 
food that is provided tor them. They exchange, consequently, the 
accommodations for the necessaries of life. Thus the carpenter and 
the weaver lodge and clothe the peasant, who supplies them with 
their daily bread. The greater stock of provisions, therefore, which 
the husbandman produces, the greater is the quantity of accommo- 
dation ^wliich the artificer prepares^ Such are the -happy effects . 
which naturally result from civilizld society. It would be wiser, 
therefore, to endeavor to improve the situation of those i^ho are 
engaged in manufactures, than to indulge in vain declamations on 
the hardships to which they are too frequently exposed. 

Bu.t we must not yet take our leave of the subject of agriculture-; 
we hare prepared the soil, it remains fpr us now to sow the eeed.-^ 
In this operation, we must be Careful not to bury it too deep in the 
groun^, as the access of air is absolutely necessary to its germina- 
tion; (the earth roust, therefore, lie loose and light over it, in order 
that the air may penetrate^ Hence the use of ploughing and dig- 
gings harrowing and raki^, &c. A certain degree of h'eat and 
moisture, sach as usually ta&es. place in the spring, is Iike«rise ne- 
cessary. 

Caroline, One would imagine you were going to describe the 
decomposition of an old plant^ rather than the formation of a new 
0D&; for you have enumerated all the requisites of fermentation. 

Mrs, B, Do you forget, my dear, that the young plant derives its 
existence from the destruction of -the seed,aiid that it is actually by 
the saccharine fermentation that tbe'IaUer is decomposed ? 

Carolyn^, True ; I wonder that I did not recollect that. The tem- 
perature and moisture requir^ for the germination of the seed i4 
then employed in producing the saccharine fermentation within itf 

Mrt4 B* Certainly. But, in order (o understand the nature of 
germination, you should be acquainted with tne different parts of 
which the seed is composed. The external covering or envelope 
contains, besides the germ of the future plant, the substance which 
is to constitute its first nourishment ; this substance^ wnich is called 
the parenchyma, consists of fecula, mucilage, and oil, as we former- 
ly observed. 



1251. For how many persons cao one man, in agricaltural la*- 
bour, produce foodf 

1^2. Why is this a reason for encouraging manufactures ? 

1253. What is the use Qf plpughing, digging, liarrowin?, rakiqg, 
Jlcc., in agriculture ? 
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Q^he seed is geDcrally divided iolo two Gompartments,K5al!jBdM«, 
or cotyhdom^ as is exemplified by this bean, (Fi^. 36,)-^he dark 
(Fiff. 36.f coloured kind of string* which divides the lobes is 
called the radicle<, as it forms the root of the plan^ 
and it is from^cointiguous substance, called plu- 
muluy whi^ is enclosed within the lobes, that the 
stem arise^— The fig-ure and size of the seed depend 
very inuch upon the cotyledons ; these vary in num^ 
ber in different seeds ; some have' only one, as 
wheat, oats, barley, and all the grasses ; some have 
three, others six. But most seeds^. as for instance, all the varieties 
of beans, have two cotyledons, i^^hen the seed is buried in the 
earth, at any temperature above/STdegrees^ it imbibes water, which 
softens and swells the lobes ; irtben absorbs, oxygen, which com- 
bines with some of its carbon, and is returned in the form of car- 
bonic acid. This loss of carbon increases the comparative propor- 
tion of hydrogen and oxygen in seed, and excites the saccharine 
fermentation by which the parenchymatous matter is converted into 
a kind of sweet emulsion. In this form it is carried into the radicle 
by vessels appropriated to that ptirpose ; and in the meantime, the 
fermentation having caused the seed to burst, the cotyledons are 
rent asundpr , the radicle strikes into the around and becomes the ' 
root of the plant, and hence the fermented Uquid is conveyed to the 
phimula, whose vessels have been previously distended by the heat 
of the fermentation. The plumula being thus swelled, as it were, 
by (he emulsive fluid, raises itself and' springs tip to the surface of 
the earth, bearing with it the cotyledons, which, as soon as they 
come in contact with the air, spread themselFes, and are transform- 
ed into leavesV-If we go into the garden, we shall probably find 
some seeds in tfie state in which 1 have described. 

Emily* Here are some little lupines that are just making their 
appearanc6^ above ground. 

Mrs, B, We shall take up several of them to observe their diffe- 
rent degrees of progress in vegetation. (Here is one that has but 
recently bursfits envelope — do you see the little radicle striking 
downwards? (Fig. 37, No, 1.) In. this the plumula is not yet viei* 
ble. But here is anotber in a greater ataite .of forwartjness — the 
plumula, or stem, bas risen out of the ground, ami the cotjiedons 
are conr'erted into seed-leaves. (Fig. 37, No. 2, u 

Caroline, These leaves are very thick and clumsy, and,.UDlike 
(be other leaves, which 1 perceive are just beginning to appear* 

Mrs. B. Jt is because they retain the remains of the parenchyma, 
with which they still continue to nburish the young plant, as it has 
not yet sufficient ropts and strength to provide for its sustenance 
from the soil. But^ this third lupine. (Fig. 37, No .3,) the radicle 
had sunk deep into ft^e earth, and- sent out several shoots, each of 

1254. What part of the seed is called cotyledons ? 

1 255. What part is called radicle ^ 
1^256. What part is called plumula i 
I J57. At what temperature will seeds germinate r 
1258. How would you describe the process of germinatioa m 



4259. What do Nos. I and 2 of Fig. 37, represent ? 
^260. What dOBBB No. 3, in Fig. 37^ represent ? ^ , 
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wbich is furnished with a mouth 
to Backup Dourishment from 
the soilj the function of the 
original/leaves, therefore, be- 
ing" no^long'er required, they 
are g-radually decaying-, and 
the pMimula is become a reg-u- 
lar stem, shooting out small 
branches, and spreading its 
{ foliage. 

Emily. There seems to be a 
very fltriking analogy between 
a'seed and an egg ; both require 
an elevation of temperature to 
be brought to life ; both at first 
supply with aliment the oi^an- 
ized being which they produce ; 
and as tjiis has attained suffi- 
cient strength to procure its 
own nourishment, the egg-shell 
breaks whilst in the plant the 
seed leaves fall off. 

Mrs. B. There is certainly 

Vsomc resemblance between 

these processes ; and when you 

Fip. 86 and 87, No, ). A B, Cotyledon. C, En- bCCOme acquainted With ani- 

ir.iop«.D Radicle. J"'!' f • ^«- ?.'. ^ «' ^^^'^^ mal chcmistry, you will fre- 

dons. C, PlumuU. D, KtdicU. Ft|;. 37, ISo. rf, , , * < "^ -i -^i 

AB.Cot/Udon. c.piumuu. D, ludicie. qucntly be struck with. Its 

analogy to that of the vegeta- 
ble kingdom. 

As soon M the young- plant feeds from the soil, it requires the as- 
sistance ofHeaves, T^icb are the organs by which it throws off its 
super-abundant fluid) this secretion is much more plentiful in the 
vegetable than in the apimal creation, and the great extent of sur- 
face of the foliage of plants is admirably calculated, for carrying- it 
on in sufficient quantities. This transpired fluid consists of little 
more than water. The sap, by this process, is converted into a 
liquid of greater consistence, Which is fit to be-assimilated to its 
several parts. ..-.■' 

Emily. Vegetation, then, must be essentially injured by destroy- 
ing the leaves of the plants 

Mrs. B. Undoubtedly ;(Tt not only diminishes the transpiration, 
but also the absorption by the roots ; for the quantity of sap ab- 
sorbed is always in proportion to the quantity of fluid thrown off by 
transpiratioi^ You see, therefore, the necessity that a young plant 
should unfold its leaves as soon as it begins to derive its nourish- 
ment from the soil ; and, accordingly, you will find that tliose 
lupines which have dropped their seed-leaves, and are no longer 




1261. What purposes do the leaves of vegetable's answer durfng 
their growth ? 

126i. What will be the injury to vegetation if the leaves are dje- 
•troyed ? 
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fed by the parencbynra, have spread their foKa^e, in order to per- 
form the office just described. 

But 1 should ioform you that^his function of transpiration teerot 
to be confined to the upper surface of the leaves, whilst on the con- 
trary, the lower surface, which is more rough and uneven, and fur- 
nished wilh a kind of hair or downi is destined to i^bsorb moisture, 
or such other ing^redients as the plant derives from the atmospher^ 

As soon as a young plant makes its appearance above gropnd; 
light, as well as air, becomes necessary to it^ preservation, ^iight 
is essential to the develobement of the colon rs^ and to the thnvmg 
of the planQ You may have often observed what a predilection 
vegetables liad for the light. If you make any plants grow in a 
room, they all spread theiir leaves arid extend their branches to- 
wards the windows* 

Caroline. And many plants close up their flowers as soon as it is 
dark. , 

Emily. But may not this be owing to the cold and dampness of 
the eveiiing air ? • 

JIfrs. B. That does not appear to be the case ; for in a course of 
curious experiment^, made by Mr. Sc?nebier, of Geneva, on plants 
wbibh be reared by lamp-light, he found that the flowers closed 
their petals whenever the lamps were extinguished. * 

Emily. But, pray, why is air essential to vegetation ? Pl^ts do 
not breathe it like animals. ^ 

Mrs. B. At least not in the same manner \Q\iX. they certainly 
derive some principles frorn the atmosphere, and yield others to it. 
Indeed, it is chiefly owing to the action of' the atmosp))ere, and the 
vegetable kingdom on each other, that the air continues always fit 
for respiratiom But you will understand this better when I have 
explained thS^ffect of water .on plants. 

I have said that water forms the chief* nourishment of plants; it 
is the basis not only of the sap, but of all the vegetable juices. (Wa- 
ter is the vehicle which carries into the plant the various salts and 
other ingredients requived for the formation and support of the vege- 
table system^ Nor is this all : part of the water itself is decomposed 
by the organs of the plant ; the hydrogen becomes a constituent part 
of oiK of extract, of colouring matter, &c., whilst a portion of the 
oxygen enters into tbe formation of mucilage, of fecula, of sugar, 
and of vegetable acids. But the greater part of the oxygen pro- 
ceeding from the decomposition of the water is converted into a gase- 
ous state by the caloric disengaged from the hydrogen during its 
condensation in the formation of the vegetable materials. In this 
state the oxygen is transpired by tjie leaved of plants when exposed 
to the sun's rays. Thus you find that the decomposition of water* 
by the organs of the plant, is not only a means of supplying it with 
its chief ingredient, hydrogen, but at the same time of replenishinr 
the atmosphere with oxygen, >a principle wbich requires continusu 
renovation, to make up for the great consumption of it occasioned 

. 1'263. How does the under side of leaves differ from the upper 
8»de? 

1-264. Of what use is li|fht in the growth of vegetables ? 

15^65. Of what use is air in vegetation ^ . 

1266. How are the various salts and other ingredients required for 
the formation and support of the vegetable system carried into 
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by the numerous oxygenations, combustions, and respirations, that 
are constantly taking place on the surface of the globe.* 

Entity: What a striking instance of the harmony of nature ! 

Mrs, B' And how admirable the design of Providence, wha 
makes every different part of the creation thus contribute to the 
support and renovation of each other ! 

But the intercourse of the vegetable and animal kingdoms, 
through the medium of the atmosphere extends still further, jjni- 
mals, in hreathmg, not only, consume the oxygen of the air, bdnoad 
it with carbonic acid, which, Jf accumulated in the atmosphere, 
would, in a short time, render it totally unfit for respiration. Here 
the vegetable kingdom again interferes ; it attracts and decomposes 
the carbonic acid, retains the carbon for, its own piirposes, and re- 
turns the oxygen for our^ 

Caroline. How interesting this is ! I do not know a more beauti- 
ful illustration of the wisdom which is displayed in the laws of na- 
ture. 

Mrs. B. Faint and imperfect as are the ideas which our limited 
perceptions enable us to form of divine wisdom, still they cannot 
fail to inspire us with awe and admii'ation. What then, would be 
our feelings, were the complete system of nature at once displaj^d 
before us ! So magnificent a scene wo.uld probably be too great for 
our limited comprehension ; and it is; no doubt, among the wisedis- 

* The foregoing paragraph might mislead the student. Indeed it 
seems to have been written without regard to proper authorities* 
For instance, there is no proof that water is decomposed by the or- 
gans of plants ; nor is it in the least degree probable that the oxy- 
gen emitted by them owes its gaseous state, to the calbric set free 
by the condensation of hydrogen. Authors on this subject agree 
that the thickest veil covers the processes by which the sap is con- 
verted into the several parts of the plant. But it has been de- 
monstrated, that most, if not all the oxygen emitted by the leaves, is 
obtained by th6 defcom position of air, instead of water, as here stated. • 
If leaves are exposed to the rays of the .sun, whilie under common 
water, they emit oxygen. But if the water is first deprived of iti 
airv by an air pump, or b^ boiling, not a particle of oxygen is emit- 
ted. Now atmospheric air, always contains a quantity of carbonic 
acid g^s, and experiments show, that plants give out oxygen in 
some proportion to the quantity of this gas contained in the water. 
^^^le fact then seems to be, that plants absorb carbonic acid, that 
this is decomposed by sOme unknown process ; the plant retaining 
the carbon, while the oxygen is given out.-^C. 

f(Tt is a curious fact, demonstrated by experiments' that the 
leaves of plants. perform different offices at different periods of the 
24 hours. During the day they give out water, absorb carbonic 
acid, and emit oxygen gas ; but during the night they absorb wa- 
ter, and oxj'gen gas, and give out cafbonic acid) — C. 

1^67. How do animal and vegetable life mutoall/ support each 
other ? 

1268. WJiat curious fact is stated of the leaves of vegetables in the 
note ? 

1269. What in the organization of nature is particuUrly suited to 
the rational powers of man ? V /^ Digitized byC^OOgle 
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pensations of Providence, to veil th|B splendor of a glory with which 
we should be overpowered. Bututis well suited to a rational beibg 
to explore, step by step, (he worljf of the creation,, to endeavor to 
CDunecttbem into harnnionidud systems ; and, in a word, to trace, in 
the chain of beings, the kindred ties and benevolent design which 
unites itS' various links, and secures its preservation) 

Caroling, But of what nature ate the organs of ^anis which are 
endued with such wonderful powers ? 

Mrs, B. They are. so minute that their structure, as well as the 
mode rn which they perform their functions, generally elude our ex- 
amination ; but we may consider them as so many vessels or appa- 
ratus appropriated to perform, with the assistance of the principle 
of life, certain chemical processes, by means of which these vegeta- 
ble compounds are generated. We may, however, trace the tannin, 
resins,^ gums, mucilage, and some other vegetabje materials, in the 
organized arrangement of plants, in which they form the bark, the 
w^tfxl, the leaves, flowers, and seeds. 
nThe hark is composed of the epidermisy the parenchyma^ and the 

^he epidermis is the external covering of the plant. It is a thin 
transparent membrane, consisting of a number of ^lender fibres, 
crossing e^ch other, and forming a kind of n^t worn When of a 
white glossy nature, as in several species of trees, in the stems of 
corn and of seeds, it is composed of a thin coating of siliceous earth, 
which accounts for the strength 9nd hardness of those long and slen- 
der stems. Sir H. Davy was led to the jdiscovery of the siliceous 
oatdre t)f the epidermic of such plants/by observing the singular 
phenomenon of sparks of fire emitted byHhe collision of ratan canes 
with which two boys were fighting in a dark roomt , On analysing the 
epidermis of the cane, he found it. to be almost entirely siiiceoii^ 

Gdroiine, With iron, then, a cane I suppose, will strike fire v&j 
easily? 

Jlrs. Bi I understand that it will. — In evergreens the epidermis 
is mosjjy resinous, and in some few plants is formed of wax. The 
resin/irom its want of afenity for water, tends to preserre the plant 
from The destructive effects of violent rains, severe ' climates, or in- 
clement^easons, to which this species of vegetables is peculiarly 
exposed^ 

Emity. Resin must preserve wood just like a varnish, as it is the 
essential infirredient of varnishes. , 

Mrs. B, Ye9; af\d hy this means it prevents, likewise, all unne- 
depsary expenditure of moistui:e. ^ 

The parenchyma is immediately beneath the epidermis ;nt is that 

* In the scouring rush, {Equiseium hyemale)\.he siliceous epider- 
mis is still more obvious. If drawn across a piece of soft metal, at 
silver or copper, it cuts it lijie a file. It even makes an impressioD 
on the hardest steel.— C. 

1270. Of what is bark composed? 
127^. What i^ the epidermis ? 

1272. In what manner vras Sir H. Davy led to discover the sili- 
ceous nature of the epidermis of particular plants ? 

1273. How does resin tend to preserve the plant ? 

1274. What is the parenchyma? 
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green rind which appears when vou strip a branch of any tree or 
shrub of its external coat of bafK^ The parenchyma is not confin« 
ed to the stem ortranches^ but extends over fevery part of the plant 
It forms the green matter of the leaves, and is. composed of tubes 
filled with a peculiar juice. 

The cortical layers are immediately in contact with the wood ; 
they abound with tannin and gallic acid, and consist of small vessels 
through which the sap descends after being elaborated in the leaves. 
The cortical layers are annually renewed, the old bark being con- 
verted into wood. 

Mrs. B. That function is performed by the tubes of the al^r- 
num or wood, which is immediately beneath ^e cortical la^rs^/rhe 
wood is composed of woody fibre, mucilage and resin|i ^be fiores 
are disposed in two ways : some of them longitudinallyVand these 
form what is called the silver grain of the wood. The others which 
are concentric, are palled the spurious grain. Thede last are dispos- 
ed in layers, from tiie numl^er of which the age of the tree may be 
computed,, a new one being produced annuaUy by the conversion of 
the bark into wood) The oldest,and consequently most internal part 
of the albernum. Is called heart wood ; it^pears to be dead,at least 
no vital functions are discernible in it* Xlt is through the tubes of 
the living albernum that the sap rises^ These therefbrie, spread into 
the leaves, and there communicate ffith the extreipities of the ves- 
sels of the cortical layers, idto which they pour their contents. 

Caroline, Of what use, then, are the tnbes of the parenchyma^ 
since neith^the ascending nor descending sap passes through them ? 

Mrsi ^.(They are supposed to perform the important function of 
secreting from the sap the peculiar juices from which the plant 
more immediately derives its nOurishmenhj' These juices are very . 
conspicuous, as the vessels which contajZ them are miich larger 
than those through which the sap circulates. The peculiar jliices 
of plants difiier much in their nature, not only in difierent species 
of vegetables, but frequently in different parts of the same individual 
plant; they are sometimes saccharine, as in the sug^ar- cane, some- 
times resinous as in firs and evergreens, sometimes of a milky ap- 
pearance, as in the laurel. 

Emily, I have oflen observed, that in breaking a young shoot, or 
in bruising a leaf of laurel, a milky juice will ooze out in great 
abundance. 

Mrs, B. And ^ is by making incisions in the bark, that pitchy tar, 
and turpentine* are obtained from fir-treesi The durability of this 
species of wood is chiefly owing to the resinous nature of its peculiar 

* Turpentine is obtained as described m the text. But tar and 

Sitch are obtained by a very different method. A conical cavity is 
ug in the earth, at the bottom of which is placed a reservoir. Over 
this is piled billets of fir-wood, forming a large pile. The pile is 
covered with turf to smother the fire which is kindled at the top. As 
the wood is heated, and gradually converted into charcoal, the tar is 

1275. Through what does the sap ascend ? 
1976. Of what is'the wood compdsed ? 

1277. How are the fibres disposed ? 

1278. Of what use are the tubes of the parenchyma ? 

1279. How may pitch, tar, and turpentine be obtained ^i 

o 
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juices. Yrke volatile oils have, id a great measure, the same preserv- 
ative efl^ts, as they defend the parts with which they are connect- 
ed, from the attack of insects. This tribe seems to have as great an 
aversion to perfumes, as the human species have delight in them. 
They scarcely ever attack any odoriferous parts of plants, and it is 
not uncommon to see every leaf of ^tree destroyed by a blight, 
whilst the blossoms remain untouched^ . Cedar, sandal, and all ar- 
omatic woods, are, on this account, oi great durability. 

Emily- But the wood of the oak, which is so much esteemed for 
its duraljility, has, I believe, no smell. Does it derive this quality 
from its hardness alone ? 

Jlrs. B. Not entirely ; for the chesnut, though cposiderably 
harder and firmer than the oak, is not so lasting. The durability 
of the oak, is, I believe, in a great measure/owing to its having 
very Kttle heart -wood, tl\e albernum preserviog its vital functions 
longer than in other tree^ 

Caroline. If incisions are made into the albernum and cortical 
layers, may not the ascending and descending sap be procured in 
the same manner as the peculiar juice is from . the vessel of the 
parenchyma? 

JUTS. B» Yes ; but in order to obtain specunens of these fluids, in 
any quantity, the experiment must be madenn the spring) when the 
sap circulates with the greatest energy. For this purpose- a small 
bent glass tube should be introduced into the incision, throug^j 
which the sap may flow without mixing with any of the other juices 
of the tree. From the bark the sap will flow much noore plentifully 
than from the woodi^s the ascending sap ismuch more liquid, mojce 
abundant and more rftpid in its motion, than that which descends^ 
for the latter having been deprived by the operation of the leaVds 
of a considerable part of its moisture, contains a much greater pro- 
portion of solid matter, which retards its motion. It does not ap- 
pear that there is.any excess of descending sap, as none ever exudes 
from the roots of plahts ; this process, therefore, seems to be car^ 
ried on only in proportion to the wants of the plant, and the sap de- 
scends no further, and in po great quantity, than is required to 
nourish the several organs. Therefore, though the sap rises and 
descends in the plant, it does not appear to undergo a real circula- 
tion. 

The last of the organs of plants, i^he flower^ or blouom^ which 

fiven out and runs Mnto the cavity, and finally into the reservoir, 
ar is a mixture of resin^ empyreumatic oil, charcoal^ and aeetit aci j| 
he color is derived )frora the charcoal. Pitch is made by boiling 
tar, by which its more volatile parts are driven off.— C. 



1280. On what are the durability of cedar, sandal, and all aromat- 
ic woods depending? 

1281. On what is the durability of oak depending ? 
128^. Of what 18 tar said in the note to contist ? 

1283. At what time in the year does the sap circulate with roost 
energy ? 

1284. Why will sap flow more plentifully from the bark than 
from the wood ? 

1285. What is the ultimate purpose of nature iMbe xegetable 

qreation ? Digitized by v^OOg i 
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produces the/rui/« an^ seedj These may be considered as tbe ulli- 
mat6 purpose of nature in u\e ve^table creation. From fruits and 
seeds animals derive both a plentiful source of immediate nourish- 
ment, and an ample provision for the reproduction of the same 
mean? of subsistence. 

The seed which forms the final .product of mature plants, we 
have already examined, as constituting the first rudiments of fu- 
ture vegetation. 

These are the principal organs ofvegetation, by means of which, 
the several chemical processes which are carried on during the life 
of the plant are performed. 

Emily. But h6w are the several principles which enter* into the 
composition of vegetables, so combined by the organs of the plant, 
as to be converted into vegetab^ matter? 

Mrs. B. /SJy chemical processed no douht ; but the apparatus in 
which tbey^are performed, is so Extremely minute as .completely to 
elude Cur examination. We can form an opinion, therefore, only 
by the result of these operations. 

The sap is evidently composed of water, absorbed by ,the roots 
and holding in solution the v.arious principles which it derives from 
tbe soil. From the roots the sap ascends through the tubes of the 
alburnum into the stem, and thence branc^hes put to every extrem- 
ity of- the plant. Together with the sap circulates a certain quan- 
tity of carbonic acid, Which is gradually disengaged from the for- 
mer by the internal heat of the plant. 

Caroline. What? have vegetables a peculiar heat, analogous ta , 
animal heat ? 

J^fr'8. S, It is a circumstance thathas lone: been suspected'; but 
late experiments have decided beyond a doubt that^fegetable heat 
is considerably abotre that ot Unorganized matter in winter, and 
below it in summers The wood of a tree in its interior, is abouC 
sixty degrees wheif^the thermometer is at seventy or eighty de- 
grees in the air* And the bark, though so much exposed, is seldom 
beli)w forty in winter. 

tit is from the sap after it has been elaborated by the leaves, that 
vegetables derive their nourishment ; iq its progress through the 
plant from the leaves to the roots, it deposits in the several sets of 
tessek with which it communicates, the materials on which the . 
growth and nourishntent of each plant depend^ It is thus that the ' 
various peculiar juices, saccharine, oily, mucolis, acid, and colour- 
ing, are formed ; as also the more solid parts, fecula, woody-fibre, 
tannin, resins^ concrete salts ; in a word all the immediate materi- 
als of vegetables, as well as the organized parts of plants, which 
latter, besides the power of secreting these from the sap, for the 
general purpose of the plant, have afeo that of applying thera io 
their own particiilarnourishment. 

Emily. But why should the process of vegetation take place only 

1286. How are the several principles which enter into the com- 
position of vegetables so corpbined by tbe organs of the plant as to 
be converted into vegetable matter ? 

1*287. How does the temperature of vegetables compare with 
that of unorganized matter ? 

1^288. How are the several pieces as well as more solid parts o» 
vegetables formed ? Digitized by Google 
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at one season of the year, whilst a total inactioa prevails during 
the other ? ^^ 

Mrs. B.^eat is such an important chemical a^ent, (hat its ef- 
fect.as such, migiit perhaps alone, account (or the impulse which 
the Spring- g'ives jLo ve^etatio^ But, in order to explain the me- 
chanism of that operation, it Has been supposed that the warmth of 
spring dilates the vessels. of plants, and produces a kind of vacuum, 
into which the sap (which had remained in a state of inaction in the 
trunk during the winter) rises ; this is followed by the ascent of the 
sap contained in the roots, and room is thus- made for fresh sap, 
which the roots in their turn pump up" from the soil This process 
goes on till the plant blossoms and bears fruit, which tei*minates its 
summer career ; but when the cold weather sets in,fthe fibres and 
yess'els contract, the leaves wither, and are no long-er able to per- 
form their office of transpiration ; and as this secretion stops^ the 
roots cease to absorb sap from the soil. If the plant be an annual, 
its life then terminates r if not, it remains in a state of torpid inac- 
tion during- the winter, or the only internal motion that takes place 
is that of a small quantity of resinous juice, which slowly rises from 
the stem into the branches, and enlarges their buds during the wia- 
ter. 

Caroline, YetCn evergreens vegetation must cootidue through- 
out the year. 

Mrs- B. Yes ; but in wmter itgDeson in a very imperfect man- 
ner, compared to the vegtJtation of spring antf summen 

We have dwelt much longer on the history of vegetable chemis- 
try ihnn 1 liad intended ; but we have at length, I think, brought 
the silbiect to a conclusion. 

Caroline. I rather wonder that you did not reserve! the account 
of the fermentations for the conclusion; for the decomposition of 
vegetables naturally follows their death, and can hardly, it seems, 
be introduced with so much propriety at any other period. 

•Mrs, B. It is difficult to determine at what point precisely it may 
be most eligible to entei: on the history of vegetation ; ^very part 
of the subject is so closely connected, and forms such an uninter- 
rupted chimin, that it is by .no means easy to divide it. Had I begun 
with the gei^mination of the seed, which, at first view seems to be 
the most proper arrangement, I could not h^ve ex plained the na- 
ture and fermentation of the seed, or have Hp«'cr*frbed the changes 
which manure must undergo, in order to yield the vegetable ele- 
ment^ To understand the nitore of germination, it is necessary, I 
<hin If; previously to decompose the parent plant* in order to be- 
come acquainted with the materials required for that purpose. I 
hope, therefore, that, upon second consideration you will find that 
the order which I have adopted, though apparently less correct, is, 
in fact, the best calculated for the elucidation of the subject. 

I2fl9. Why should the process of vegetation take place only in 
warm weather ^ 

1290. What is the condition of vegetables called evergreens, in 
the season of winter .'' 

1291. Why was not the fernnentation of vegetables reserved for 
the concluding part of what is said on this subject ? 
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CONVERSATION XXIU. 

(ON THE COMPOSITION OF ANIMALS. 

•Mr*. B. We have now come to the last branch of chemistry, 
which comprehends the most complicated order of compound beings. 
This is the animal creation, the history of which, cannot but excite 
thehighestdegree.of curiosity and interest, thoUg-h we often fail in 
attempting to explain the laws by which it is governed. 

Emily, But since all animal ultimately derive their nourishment 
from vegetables, the chemistry of this order of beings must^onsist 
merely in the conversion of vegetable into Animal mattei^ 

Mrs. B, Very true ; but the" manner in which this is effected is, 
in a great measure, concealed from, our observation. This pro- 
cess is called anitnalization, and is performed by peculiar organs. 
The difference of the animal and vegetable kingdoms does not, 
however, depend merely on a different arrangement of combina- 
tions. A new principle abounds in the animal kingdom, which is 
but rarely and in very small quantities found in vegetables; this is 
nitrogen. There is likewise in animal substances a greater and 
more constant proportion of phosphoric acid, and other saline mat- 
ters. But these are not essential to the formation of animal matter. 

Caroline. Animal compounds contain, then, four fundamental 
principles ;/^xygen. hydrogen, carbon and nitroge^ . 

Jtfr*. ^. Tes; and these form the immediate rflaterials of ani- 
malsy which are^cZfl(/mc, albumen, and^ftnnSf* 

Emily. Are tftose all f I am surprised thatanimals should be com- 
posed of fewer kinds of materials- than vegetables ; inr they appear 
much more complicated in their organization. 

Mrs.B. Their organization is certainly more perfect and intri- 
cate, and thd ingredients that occasionally enter into their compo- 
sition are more numerous. But notwithstanding the wonderful va- 
riety observable in the texture of the animal organs, we find that the 
original compounds, from which dll the varieties of animal matter 
are derived, may be reduced to the three heads jufet mentioned. An- 
imal substances being the most complicated of all natural com- 
pounds, are most easily susceptible of decomposition, as the scale of 
attractions increases in proportioii to the number of constituent 
principles. Their analysis is," however, both difficult and imper- 
fect ; for a^ney cannot be examined in iheir living state, and are 
liable to alteration immedifttely after deatMit is probable that when 
submitted to the investigation of a chemisff they are always more or 

* These are the principal ingredients of the-soft' parts. But in 
addition to these, animal substances contain ^cohmring matter of 
bloody mucous, sulphur, phosphoAis, earths, alkalies, oils, aeids, resins, 
and.«everal others, whicferit is unnecessary to specify.— C 



J 292. What forms the subject of the 23d conversation ? 

1293. What is animalization ? 

1294. What do animal compounds contain ? 

1295. What are the immediate materials of animals ? 

1296. On what account is the analjtsis of animal compounds. diffi* 
^uU andvimperfect .? r^ i 
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less altered io their combinations and pro^rties, from what thev 
were, whilst they made.partof the lining animal. 

Emily. The mere diminution of terapfsrature, which they experi- 
ence by the privation of animal, heat, roust, 1 should suppose, be 
sufficient to deranj^e the order of attractions, that existed during life. 

Mrs. B, That is one pf the causes, no dpubt; biit there are many 
other circumstances which prevent us from studying* the nature of 
liviug animal substances. We must, therefore, in a considerable 
degree, confine oar researches to the phenomena of these compounds 
in their inanimate «(ate* 

These three kinds of animal matter, gelatine, albumen, ^od 
fibrine, form the basis of all the yai^ious parts of the animal system : 
either solid, as the akin, Jlesh, nerves, membranes, carlilascs, and 
hones ; or fluid, bloody chyle, milk, mucous, the gastric 2Lndpancre- 
aticjuices, bile, perspiration, Saliva, tears, 8fc, , 

Caroline, Is it not surprising that so great a variety of. sAbst^n- 
ces, and so different in their nature^ should yet all arise from so few 
materials, and from the same original. elements ? 

Mrs. B. The difference in the nature of various bodiesrfepenas, 
as I have often observed to you, rather on their st^te of commnatioD, 
than on the materials of which they arecompbsed) Thus, in consi- 
dering thechemical,nature ofthecreatiojiin a general point of view, 
we observe- that it is throughout composed of avei-y small number 
of elements. But when we divtde it into the throe kingdoms,, we 
£nd that, in the min^i*al, the combinations seem to -result from the 
union of elements casually brought tojgether ; .whilst in the veget- 
able and animal kingdoms, the attractions are peculiarly and reg- 
ularly produced by appropriate organs, Whdse action depends op 
the vital principle. And we may further observe, that by means of 
certain spontaneous changes ,anu decompositions, the elements ,of 
one kind of matter become subservient tp the |:«prodt\ction of an- 
other ; so that the three kingdoips are intimately connected, jtnd 
constantly contributing to the preservation 6f each other- 

Emily. There is, however, one very considerable class of ele- 
ments, which seems to be coil0ned to the miperal {cingtlom* I 
mean metal?. 

Mrs. B. Not entirely; *they.are found, though in very minute 
quantities,- both in the- vegetable and animal kingdoms. A^mall 
portion of «arths and sulphur enters ^Iso into the corapo8ition,i>f or- 
ganized bodies. Phosphorus, however, is almost entirely copfined 
to th> animal kingdom ; and nitrogen, with but few exceptions, is 
extremely scarce in vegetables. 

Let us DOW proceed to examine the nature df the three principal 
iD^erials of the animal system. 

QSelalineoT jelly^ is the chief ingredient of skin, and of all the 
membranous parts of animal^ nt maj^ be obtained from these sub- 
stances, by means of belli n^wate^(under the forms of ^lue, size, 
isinglass, and transparent jelly) 

1^97. On what does the difference of. nature in ^vai^ous bodies 
chiefly depend .^ 

1298. What is gelatine orjelly? 

1299, From What is it obtained? 

.1^. Under <irihj|t forms does it exist when 6btaine>d ? 

Digitized by LjOOQ IC 



OF ATHMAIS, 289 

Ctitrolint. But tbase are of a verj different nature ; tbey cannot, 
therefore, be|all pure ^elatiife. 

Mrs.B. Not entirely, but very nearly so. Glue* is extracted 
from the skin of animals. Sizeis obtained either from skin in its 
natural state, or from leather. j^TsiDglass is gelatine procured from 
a particular species of fisM; it is, i^ou know, of this substance th?t 
the (nest jelly is made, smd this is done by merely dissolving the 
isinglass in boiling water, and allowing the solution to congeal. 

Emily, The wine, lemon, and apices, are, I suppose^ added 6nly 
to flavour thfe jelly ? ■ '■ ^ 

Mrs, B. Exactly so. 

Caroline/ But jelly* is often made of hartshorn shavings, and of 
calves' feet ; do these substances contain gelatine ? 

Mrs. B, it-ea. Gelatipe may be obtained from almost any ani- 
mal 8ubsta^6, as it enters more or, lessinto the coinpo^itioo of all 
of them, ^he process for ubtaining it is extremely simple, as it 
consists merely in boiling the substance which contains it with wa- 
ter.-^The gelatine dissolves in water, and may be obtained of anv 
degree of consistence^ of strength, by evappratijag this solution) 
Bones .in particular produce it very plentifully, as thipy consist of 
phosphat of lime, combined or cemented by gelatine. Horns, ' 
which are a species of bone, will yield abundance of gelatine, ^he 
l^oms of the hant are reckoned to produce gelatine of the finest 
quality^ they are reduced to thestate of shavings, in order that the 
jelly may be more easily extracted by the waters. It is of harts- 
horn shavings that the jellies for invalids are usually Aiade, as they 
are of very easy digestion. r . 

Caroline, it appears singular that hartshorn,: which yields such a 
powerful ingredient as ammonia^ a^iould at the same ^time produce 
80 mild and insipid a sttbstance a^ jelly ? ' 

Mrs. B, And (what is raore>^rpri8iog)'ft.is from thegelatine of 
bones that ammonia is produceS^ You musTobserve, however, that 
tlie processes, by which tbete^nwasobstandes are obtained from 
bonek are very different. By the simple action of water and heat, 
the gelatine is se^parated ; but in order to procure the ammonia, or 
what'is commonly callet^ hartshorn, the hopes must be distilled, by 
which means the gelatine is decomposed, and hydrogeti and nit^p- 
f en combined in the form of ammon^. So that the first operation 
18 a mere separation of itigfedients, wbilst the second requires a 
chemical decomposition. 

Caroline. But whei\ jelly is made from hartshorn shavings, what 
becomes of the phosphat of lime which constitutes th6 other part of 
bones? 

"" Bones, muscles; tendons, ligaments, membranes, and skins, all 
of them yield glue. fBut the besl, is made ffom'the skin of old ani- 
nial^C. ^ 



130 1 . From what is the best glue extracted ? 
13(y2. From what is isinglass obtained ? 

1303. What IS the process of obtaining gelatine? 

1304. From what is the best gelatine obtained ? 
1306. From what is ammonia produced ? 
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^r«. B,(h, is easily tepantted by strainioSp^ut the-jelly is after- 
wards moreperfecUy purified, and renderedTfaDsparent, by^ding 
whites of egg^, which being coagulated by heat, rises to the aor- 
face along with any impurities. 

Emily. I wonder that bones are not used by the common People 
to make jelly ; a gr^at deal of wholesome nourishment, might, I 
should suppose, be procured from them, though the jelly would per- 
haps not be quite so good as if made from hartshorn shavings. 

Mrs. B. There is a prejudice among the poolr against a species of 
food that is usually thrown to the dogs^; and as we cannot expect 
them to enter into cj^emical considerations, it is in some decree ex- 
cusable. (Besides, m^ requires a prodigious quantity of fuel to dis- 
solve bones and obfkin the gelatine from the^ 

The solution of bones hi if ater- is greatly {Promoted by an accu- 
mulation of heat. Tbis may be eflfected by means of an'extrfemely 
strong metallic vessel, called Papin^s digester, in which the bones 
and water are enclosed, without any possibility of the steam making 
its escape. A h3at can thus be applied much superior to that of 
boiling water ; and bqnes, by this means, are completely reduced 
to a pulp. But the process still consumes too much fuel to be 
generally adopted among the lower classes. 

Caroline. And why should not a manufacture be^-established for 
grinding or marcerating -bones, or at least for reducing them to the 
state of shaving^, when, I suppose, they would dissolve as readily 
as hartshorn shavings P 

Mrs. B. They could not be coUectedclean for such a purpose; 
but they are Qot lost, as they are usedmr making hartshorn, and 
sal. ammonia^ and such is the supenor science and indusby of 
this country, tnat we now«end sal.' ammoniac to the Levant, thoogh 
it originallycame to us from Egypt 

EfSihf. When jelly is made of isinglass, does it leave no sedi- 
ment.^ , 

Mrs. J?. No : nor does it so much as require clanfying^ms it con- 
sists almost entirely of pure gelatine, and any foreign matter that is 
mix^ with it, is throwo off during the boiUng in the form of Scum. 
These are processes which you may see performed in i^reat per- 
fection in the culinaiy laboratory^ by that very able and most^tise- 
(a\ chemist, the cook. 

Ct^roline, To what an immense variety of purposes/ chemistry is 
subservient f 

Ekii'ly. It*appeaps,4n that respect, tb have an advantage over 
mest other arts and sciences ; ibr these, very often have* a te^deqcj 
to codfine the imagination to their own particular object ; whilst 
tbe pursuit of chemistry is seextensive and diversified, that it ia- 
ipires a general curiosityand^ a desire of inquiring into the nature 
of every dbject. 

Caroline. ^I suppose that soup is likewise composed of gelatine ; 
for, when cold, it often assumes the consistence of jelly. 

Mrs.'B. "Not entirely ; (for though soups generally contain a 

1306. What becomes of the phosphat of lime when jelly it made 
ftom the shavings of hartshorn ? 

'1307. What obstacle is there' to tioAverting bones into gelatiae 
for food ? 

1308. For what may bbfies be advantaifeonaly nsed ? 

4309/ Of what are soium^ <k>nbpoBed ? Digitized by Google 
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qustDtity of gelatine, the most es^enti&l ingredient is a mucus, or 
extractive matter, a peculiar animal substance, very soluble in wa- 
ter, which'has a strong taste, and. is more oourishing than ^elatin^ 
The various kinds of portable soup consists of this extractive ma> 
ter in a dry state, which, in order to be made into soup, requires 
only to be dissolved in water. 

6elatine, in its solid state, is a semiductile, transparent sub- 
stance, without either taste or smelU Wk^en exposed to heat, in 
contact with air and water, it first swells, then fuses, and finally 
burns. Tou may have seen the first part of this operation per- 
formed in the carpenter's glue-pot. 

Caroline, But you said that gelatil[ie had no smell, and ghie has a 
very disagreeable one. ^ 

Jdrsn B. ^Uie is not pure gelatine : as it is not designed for eat- 
ing, it is pre))ared without attending to the ^tate of the ingredients, 
which are more or lesa contaminated faty particles that have be- 
come putrid^ 

gelatine 4nay be precipitated from its solutions in water by alco- 
hoi — We shall try this experiment with a glass of warm ielly. — 
You see that the gelatine subsides by the.u^ion of the alcohol, and^ 
the water. ' 

Emily. How is it, then, that jelly is flavoured with wine, without 
producing any precipitation ? 

Mrs. jBF.^ecause the alcohol contained in wine is already com-> 
bined with water and other ingredients, and is, therefore, not at 
liberty to act upon the jelly as whed in its separate state!)^ Gela- 
tine is soluble both in acids and in alkalies ; the former, yTm know, 
are freqtientlv used to-season iellies. 

Caroline. Among the combinations of gelatine we must not for- 
get one which you formerly mentioned ; that with tannin, to form 
feather. ^ 

. Jdrs. B. True ; but you must observe that leather can be pro- 
duced only by gelatine in a membranous state ; for though pure 
gelatine and tannin will produce a substance chemically similar to> 
leather, y^t the texture of the skin is requisite to make it answer 
the useful purposes of that substance- 

The next animal substance we are to examine is albumen .'/this, 
although constituting a part of most of the animal compounds. Is 
frequently found insulated in the animal system ; the whites of eggs, 
for instance, consists almost entirely of albumen : the substance that 
composes thie nerves, the serum^ or^^hite part of the blood, and the 
curds of milk, are little else than albumen variously modified. 

ffn its most simple states albumen appears iu the form of a trans* 
paeept, viscous'fiuid, possessed of no distinct taste or sme]j)i ^ca- 
ag^lates at tbe low temperature of 165 degrees^ and, when once 
solidified, it will never return to its fluid state. "^ 

Sulphuric acid and alcohol are each of them capable of coagu- 



1310i How does common glue differ, from gelatine? 

1311. What effect wiU^alcoho). have on gelatine in water ? 

1312. Why will not wme, which contains a portion of alcohol 
produce precipitation, when put into jelly ? 

1313. What is albumen ? r- i 

1314. At what temperature will it coag^latflb^zedbyGoogle 
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latingf albumen in the «am& manner as Iveat, as I am going to show 
you. ' *, 

Emily, Exactly 8o.-<-Pray, Mrs. B.i, What kind of action is there 
between albumen and silVer f I have sometimes observed, that of 
the spoon with which I eat an e^ happens to be wetted, it becomes 
tarnished. ^ 

Mrt. B.nt is because the white of an egg (and, indeed, albamea 
in general) contains a little sulphur, which, at the teinperatnre of 
an egg just boiled, will decompose the drop of waier that wets the 
spoon, and produce sulphuretted hydrogen gas, which has the pro- 
perty of tarnishing silveA " jc: 

We may now prpceedio,/i6nn«. (This is an insipid and inodoms 
substance, havings somewhat the appearance of fine white threads 
adhering togetheM^ it is the essential constituent of muscles, or 
flesh, in which it ts mixed with and softened by gelatine. It is in- 
soluble both in water and alcohol, but sulphuric acid conveHs \t 
into a sul^stance very analagous to gelatine. 

These are the essential and general ingredients of animal mat- 
ter ; but there are other substances, which thougl) not peculiar to 
the animal system,- usually enter into its compositiouy such as oils^ 
acids, ,salts,v&c. 

Animal oU is the chief oonstttdent of fat : it, is contained in 
abundance in the cream of milk, whence it is obtained in the fomi 
of butter. 

Emily, Is animal oil the same in it9 composition as vegetable 
oils? ^ 

Mrs. B. Not the same, but very analagous. ^he chief diffe- 
rence is, that animal oil contains nitrogen, a principle which seldom 
enters into the composition of vegetabte oils, and never in so large 
a proportion^ 

There are few animal acids, that is to say, acids peculiar to ani- 
mal matter, from which they ^re almost exclusively obtained. 

^be i^im^l acids have triple bases of hydrogen, carbon, an4 
nitfogenj: Some of them are found native in animal matter ;^ others 
are produced during its decomposition. 

n'hose which we find ready formed, are, — 

The hofibie acid^ which is obtained from Silk-worms, 

The formic acid, from antsi ' 

The lactic acid, from the whey of milk. 

The 8ebacie, from oil or fa^ 

Those produced during the decomposition of animal substances 
by heat,/are the prutsic and zoonic acid^ This last is produced by 
the Toashng of meat, and gives it a bri^ flavour. 4 • 

Caroline. The class of animal acids is not very exteMive. 

J^rg, B. No ; nor are they> generally speaking, of a|eat import 



1315. Why is silver tarnished by the- white of an egg ^ 

1316. Whatisfibrine? 

1317. What is the difference between vegetable and animal oil? 
13 1 R. What are the bases .of animal acids ? 

1319. What are the names of those formed in animal sabstancas 
already formed? 

1320. What are those produced during the decomposition of ani- 
mal substances? n ] 
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tance. TheprtuHc acidy* I think the only one sufficiently interest* 
in^ to require any further comment, j^ can he formed' by an arti- 
ficial process iritbout the presence ofSmy animal matter ; it may ' 
likewise be obtained from a variety of yegetables, particularly those 
of the narcotic kind, such as poppies, laurel,i&c. But it is commonly 
obtained from blood, by strongly beating that substance with caus- 
tic potas^ the alkali attra^cts the acid from the blodd, and forms 
with it vtpnutiat'of potath. From this state of combination the 
prussic acid can be obtained pure by means of other substances 
which have the power of separating it from the alkali. ^^ 

Emily. But if ^is acid does not exist, ready formed in blood^ow 
can the alkali attract it from thence ? ^ 

Mrs. B, It is the triple bases only of this acid that exists in the 
blood ; aad this is developed and brought to the state of acid, during 
the combustion. The acid, therefore, is first fdrmed, and it after^ 
wards combines with the potash* . / 

Emil^, Now I comprehend it. But ho$? can the prussic acid be 
artificially made ? ^ v v 

J^rs. B,0iy passing ammoniaeal gas over red-hot charcoal ^ and 
hence we t^rn tbat the constituents of this acid are hydrogen, ni- 
' tro^en, and carbon. The two first are derived from the volatile aK 
kah, the la^t from the combustion of the charcoal. f 

Caroline, But this does not accord with ibe systeni of oxygen be- 
ing the principle of acidity; 

Mrs, B, The Coloring matter of Prussian blue is called an acid* 
because it unites 'with alkalies and metals, and not from any other 

* Prussic acid can be obtained from Prussian blue (prussiat of 
iron) by the> following process, ^ake 4 ounces of Prussian blue, 
pulverize it finely, and mix with it 2 and a half ounces of red oxide 
of mercury (redpreeipUaiey) boil the mixture with H ounces of wa-j 
ter in a glass vessel, frequently stirring it with a stick. Filter the 
solution, which ia ^prustiai of mereurt/', and is formed by, the trans- 
fer of the prussic acid^ fhom the iron to the mercury. Put this s6lu- 
tion into a retort, and add to it two ounces of clean ircn filings tfnd 
six drachnu of sulphuric acid, and distil off two and ^ half ounces oi 
prussic acid»j This process requires a good apparatus, and ought not 
to be undeiiaken by anyone who ha^ not a knowledge of practical 
chemistry. The fiwnes during the distillation ought carefully to be 
avoided as poisonous. Prussic acid has of late been much used in 
medicine, as a remedy, ifn consumption, hooping cough, &c.— C. 

f The basis of Prussic acid, has of late years, been ascertained 
by M. Gay-Liissac, to be a combination pf azote and carbon, which 
he has called tyanogen* This compound, when combined with hy- 
drogen, (brtns prussic acid, or, as it is now called, hydro'cyanie aeid. 
Pure cyanogen, in. the state of gas^mai be obtained from prussiat 
of mercury by distillation. 



1321. How ill pmtsic acid obtained ? 

1322. How is il meniytned m the note that prusric aeid can be oh- 
tainedfrom Prussian blue X 

1323. Does this acid exist already formed in the blood > 

1324. How is it ^ascertained that tho constituents of prussic acid 
are hydrogen, and nitrogen, and carbcn ^ r- i 

26* '■ Digitized by LnOOgle 



394 COMPOSITION OF AI411CALS. 

characteristio properties of acids j perhaps the narae is not strictly 
appropriate. -But this circumstance, together with some others of 
the same kind, ^as induced several chemists to tliink that oxygen 
may not be the exclusive generator of acids. Sir H. Davy, 1 hare 
already informed yot], washed by his experiments on dry acids to 
suspect that water might be essential to acidit^ And it, is the 
opinion of some chemists that acidity may possioly depend ratiier 
on the arrangement than on the presence of any partrcalar princi- 
ples. But we have not yet done with the prus^ic acid. It has a 
strong affinity for metalric oxyds, and precipitates the solutions of 
iron in acids of a blue color. • This is the Prussian blue, or prussiat 
of iron, so much used in the arts, and with which 1 think yoO must 
be ac<^uainted. 

Emtly, Yes, I am ; it is much used in painting, both in oil and in 
water colore; but it is not reckoned a permanent oiNcolor. 

^Vr«. B, (Jhat defect arises^ I believe, in general, from its being 
badly prepared, which is .the base when the iron-is o6t so fully oxy- 
dated as to form a red oxy(D For a solution of green oxyd of fron 
(in which the metal is more slightly 4>x3idat6d,) makes only a pale 
green, or even a white' precipitate, with prussiat of potash ; and this 
^adually changes to blue by being exposed to the air, aa I can im- 
mediately show you. , ' 

Ccfroline* It already begins to assume a pale bine color. But 
hov7 does the air produce this chainge ? ' 

Mrs, B. iJy oxydating the fron more perfectly. If we pour some 
nitrous acid on itr the blue color will be immediately produced, as 
the acid will jrjeld its oxygen to the precipitate, and fully saturate 
it with this principle^ as you shall see. 

Caroline* It is very curious to see a color change so instantane* 
ously. 

Jurs. B, Hence you perceive that Prussian blue cannot be a per- 
raanei)t color, utiless(prepafed . with jred oxyd of ironl since by ex- 
posure to the atmospn^e it gradually darkens, and in a short time is 
DO longer tn harmony with tb^ other colors of the painting. 

Ca,roline. But it cj^n never become darker, by exposure to the 
almospMre, than the true JPrussian blue, in which the oxyd i? per- 
fectly saturatied. 

Mr$. B* 'Certainly not. But in painting, the artist not reckon- 
ing upon partial alterations id his colors, gives his blue tints that 
particular shade which harmonizes with the rest of the picture. If, 
afterwards, those tmts become darker, the harmony of the coloring^ 
must necessarily be deM roved. 

Caro/Jnc., Pra} of what nature is the paint, called carmint ? 

Mrs. B. nl is an animal color, prepared from cochdnealj an insect, 
the infusion'of which produces a very beautiful rcM* 

Caroline. Whilst we are on the subject of color^ I should like to 
learn what ivory black is ? ' • 

* Carmine is obtained by precipitating the coloring matter from 
an infusion of the insect by means of a solution of tin. — C. 



1325. To what opinion was Sir tti Davy led respecting acidity ^ 
1.326. Why is not Prussian blue a perrtianent oil color .> 
\^-7. Iq what way may Prussian blue be made a permanent color.' 
1328. From what is carmine prepared ? 
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Mrt, S.nt is a carbonaceous sabslaDce. obtaioed by the combus- 
tion of ivory. A more common S{>ecie8 of black is obtained from 
the burning of bone^ ^ 

Caroline: But dunng^ the corabustidn of ivory or bone, the car- 
bon, i should have imagined, must be converted into carbonic acid 
gas, instead of this black substance ? 

Mrs B, In this and in most combustions, a considerable pai;t of 
the carbon is simply volatilized by the heat, and again obtained con- 
crete, on cooling. This color, therefore may be called the soot 
produced by the burning of ivory or bone. 



CONVERSATION XXIV. 

pV THE ANIMAL BCONOMY. ^ 

J^Irs. B. We have now acquired some idea of the various mate* 
rials which compose the animal system ; but if you are curious to 
know in what manner these substances are formed by the animal 
organs from vegetable, as well as from animal substances, it will be 
necessary tOr have 'some previous knowledge of the nature and 
functions of these organs, without which it is impossible to form any 
distinct idea of the process of animnlizaHon and nuiriHon. 

Caroline* I do not exactly understand the meaning of the word 
animalization. 

J^r9 B. Animalization is the process by which the food is amm- 
Hated, that is to say, converted iotQ animal matter ; ancjfnutrition is 
that by'which the food thus assimilated is rendered suoservient to 
thepurposes of nourishing and maintaining the animal systen^ 

^mily. This, I am sure, must be the most interestmg of snl the 
branches of chemistry ? 

Caroline, So 1 think ; particularly as I expect that we shall hear 
something of the nature of respiration, and of the circulation of 
the blood ? 

Mrs, B, These functions undoubtedly occupy a most important 
place in the history of the animal economy. But I must previously 
give you a very short account of the principal organs by which the 
varioils operations of X^ aniinal system are performed. These are : 

Muteles^ 

Blood vessels^ 

Lyn^haiie vessett^ 

G/an(i«.and ■ ' ^ 

' ^erves?^ 
■ The bones are the most solid part of the animal frame, and in a 
great measure determine its form and dimensions; Td^a recollect I 
suppose what are the ingredients which enter into their composition. 

1329. How is ivory black made ? 

1330. What is the subject of the 24th conversation ? 

1331. What is nutrition? 

1332. What are the principal organs by which the various ope- 
rations of the animal system are performed ? 
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Caroline. Tes ; iphos|>hat of lime, cemented by gelatioej 

Mrs, B, DuriDgHfae earlieat period of aDimal life, (vtiBf consist 
almost entirely of gelatinous membrane, baring tbe'form of the 
bones, but of a loose s^ngy texture, the.ceUsorcaTities of wbich 
are destined tGH>e filled with pbosphatof lims^t is t^e gradual ac- 
quisition of this salt which gires to the bone^ their subsequent 
hardness and durability) Qiifants first, receive it from their moth- 
erVmilk, and alterwarck derive it from all animal and from most veg- 
etable food, especially farinaceous j^u^tan^es, such as wheat-flour, 
which contains it in sensible quantiti^ ^^rtion of the phosphat, 
after the bones of the infant have been \ufficiently expanded and 
solidified, is deposited in the teeth, which consist at first only of a 
geUtinous membrane, or case, fitted for the reception of this salt ; 
and which, after acquiring hai^ness within the gum, gradually pro- 
trude from iO 

Caroline. How very curious this is ; and how ingeniously nature 
has provided for t1ie solidification of such bones as are immediately 
wanted, and afterwards for the^ formation of the teeth, which would 
not OQJy bejiseless, but detrimental in infoncy. 

Mrs. B^n quadrupeds, the phosphat of lime is deposited like- 
wise in their horns, and the hair or wool with which they^are gener- 
ally clothed. 

In birds it serves also to harden the beaks and the quills of their 
featbersV 

When apimals are arrived to a siate of maturity, and their bones 
have acquired a sufficient dej^ree of solidity, the phosphat ofjime 
which is taken with ,the food is seldom assimilated, exceptingl^hen 
the female nourishes her young ; it is then all secrated into the milk, 
as a, provision for the tender bones of the niirslinn ' " 

Emily, So that whatever becomes superfluoira in one being, is 
immediately wanted by another ; and the child acquires strength 
precisely by the species of nourishment which is no longer necessa- 
ry 1o the mother. Nature is indeed, an admirable ^onomist I 

Caroline. Pray, Mrs. B., does, not the disease in the bones of 
children, called the rickets, proceed from a deficiedcy of phosphat 
of lime ? ' y* . 

Mrs, B, I liave heard that(tbis disease mav arise from two causes ; 
it is sometimes occasioned by the growth of the muscles* being too 
rapid in proportion to that of the bonesT) In this case the weig^bt 
of the flesh is greater than the bones can s\]pport, and presses upon 
them so as toprotiiuoe a swelling of the joints, which is the |^reat 
indication of the rickets. 
fThe other cause of this disorder, is supposed to be an imperfect di- 



1333. What are the ingredients that enter into the composition 
of bones? 

1334. What gives to bones their hardness and durability ? 

1335. What is the state of jK>Des in the early periods of apimal life? 

1336. Whence is the phosphat of lime necessary in the formation 
of bones obtained ? 

1337. How are teeth formed ? 

1338. What gives the horns of quadrupeds and the beaks and 
quills of birds their hardness ? 

1339. When is the phosphat of lime assimilated in adult animals f 

1340. How is the disease called rickets occasioned/^^^w|^ 
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gfestioa and assimilation of the food, attended with an excess of 
acid, ivtiich couoteracts the formation of phosphat of liinS^ In both 
instances, the re fore/care should be taken to alt^r the ^ild^ dint, 
not merely by incre^ng^ the quantity of aliment containingp phos- 
phat of lime, but also by avoiding' all food that is apt to turn acid on 
the stomach, and to produce indigestion. But the best prca^nra- 
tive agtiinst complaints of this kind, is no doubt, good nuraloff : 
when a child has plenty of air and exereisev the digestion and as-* 
similation will be properly performed, no acid will be produced to 
interrupt thesefunctionSj^nd the muscles and bones will grow to- 
g-etlier in just proportiocS^ / 

Caro/in<?. I hare often neard the rickets attributed to bad nurs- 
ing^, but I never coold have guessed what connexion there Was be- 
tween exercise and the formation cf the bones* 

«A/r«. B. Exercise is generally beneficial to all the animal func- 
tions. If man is destined to labour for his subsistence, the bread 
which he earns is scarcely n>or& essential to his health and preserv- 
ation than -the exertions by which he obtains it. Those whom 
the gifts of fortune have placed above the necessity of bodily la- 
boTir, are compelled to take exercise in some mode or other, and 
when they cannot convert it into an amusement, they must submit 
to it as a tisisk, or their health will soon experience the effects of 
their indolence. 

Emily. That will qever be my case ; for exercise, unless it, be- 
comes fatii^ue, always gives me pleasure ; and^o far from bein^ a 
task, is to me a source of daily enjoyment. I often think what a 
blessing' it is, that exercise, which is so conducive to health, should 
be so delightful ; whilst fatigue^ which is rather hurtful instead of 
pleasure, occasions painful sensations. So that fatigue, no doubt, 
was intended to moderate our bodily exertions, sis satiety puts a 
limit to our appetites. 

Mrs.B, Certainly. ^But let us not deviate too far from our sub- 
ject. (The bones are connected together by li^ments, which con<h 
sist 0)f a white, (hick flexible substance, adhering to their extremi- 
ties so far a^i^oj^ure the joints firmly, though without impeding 
their motiorp (A nd the jomts are, moreover, covered by a solid, 
smooth, elastic^hite substance, called cartHage, th^ use of which 
is to allow, by its smoothness and elasticity-, the bones to slid^ easily 
over one another, so that the joints may peWbrm their office.without 
difficulty or detriment) 

(pver the bones ihe'wiutclei are placed ; they consist of bundles 
oPfibres, which terminate in a kind of string, or ligament, by 
which they are fastened to the bones'. • The muscles are the organs 
bf motion ; by their power of dilatation and contraction, they p^t 
into action the bones, which apt as levers in all motions of the body, 
and form the solid support of its various parts!\ The muscles are 
of various degreesof strength or consistence, 'In different species 
of animals. Tlie mammiferous tribe, or those that suckle.their 
young, seem, in this respect, to occupy an intermediate place be- 
tween birds and cold-blooded animals, such as reptil(»s and fishes. 

Emily, The different degrees of firmness and solidity in the; mus- 

1341. What precaution may be taken against this disease .' 

1342. How are the bones of an animal system confined together ? 

1343. By what arc the joints covered .* ^ I 

1344. By what are the organs of motion } Dgtzed byCnOOgle 
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cles of these several species of animals, proc^, I imagine, from 
the different nature of tbe food on which they subsist. 

Jtfr«. B. No, that is not supposed to be the case ; for the human 
species, who are of the mammifi^rous tribe, live on more substantial 
food than birds ; ^and yet the latter exceed them in muscnlar 
strength. We shall, hereafter, attempt to acc^ount for this differ- 
ence ; but let us now proceed in the examination of the animal 
functions. < 

The next class of orguns is that of the veueUoi the body, tbe of- 
fice of which is to convey the various fluids throughout the frame. 
These vessels are innumerable. The most considerable of them 
are thos^through which the blood . circulates j which are^ of two 
kinds /the aHmgrwhicYi convey it from the heart to the extremi- 
ties of The bod^^d the vnm which bring it back into the heai^ 

Besides theseftEere area numerous set of sipall transparent ves- 
sels, destiued^to absorb ana convey different fluids into tbe bloo^ 
Ibey are generally called the abiorbenl or lympkaiU vessels ; but it 
is to a portion of them oply, that the function of conveying into 
ibe blood the fluid called lymph is assigned. 

Emily. Pray what is the nature of that fluid ? 

Mrs. B. The nature and use of the lymph hdve, I believe, ntever 
been perfectly ascertained ; but it is supposed to consist of matter 
that has been previously animalized, and which after answering the 
purpose for which it was intended, must, in regukur rotation, make 
way for the fresh aupplies pmduced by nourishment. The lym* 
phatic vessels pump up this fluid from every part of the system, and 
convey it into the vem» to be mixed with the blood which ^run8 
through them, apd which is commonly called ve;nous blood. 

Caroline. But does it not again enter into the animal system 
through that channel ? 

Mrf,B, Not entirely; for the venous blood does not return into 
the circulation until it iias undergone a peculiar change, in which 
it throws off whatever is become useless. 

Another set of absorbent vessels pump up the ehylt fronv tbe 
stomach and intestines, and convey it, after many circumvolutions, 
into- the great vein near the heart.* 

Emily. Pjay, what is chyle? 

Jtfiri. J5./lt is the substance into which food is converted by di- 
gestion^ \^ ♦ . 

Carmne, One set of the absorbent vessels, then, is employed in 
bringing away the old materials which are no longer fit for use : 
whilst the other set is busy in conveying into the blo<xi the new ma- 
terials that are to replace them .' 

* This is a mistake. The chyle is conveyed into the trunk of the 
absorbent system, called by anatomists the thoracic duct. This runs 
in a serpentrae direction along tbe internal side of the back bone, 
up to.tbe tu&e^tan vein, which lies under the collar bone. loto 
this vein the chyle is discharged, and mixes with the blood, and be- 
fore it reaches the heart, it is converted into blood itself.— C. 

^^* Eor what purpose are the arteries ? 
1 346. For what purpose are the veins ? 
i«^Z' ^!*at are lymphatic vessels?. . 
1348. What is chyle? 
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Emily. Whata^reat variety of ing^redieDts moet enter into the 
composition of the blood ! 

Jars, B, You must observe that there is also a great variety of 
substaoces to be secreted from it. AVe may compare the blood to a 
general reoeptaoleor storehouse for^ll kinds of commodities, which 
are afterwards fa6luoned, arranged, and disposed of, as circumstan- 
ces requir^ 

There i«4nother set of absorbent vessels in females, which is des- 
tined to secrete milk for thd-noiirisbment of 'the young. 

Emily. Pray is not milk very analagous in its composition to 
blood ; for, since the nursing derives its nourishment from that 
source only, it must 'contain every principle which Ui6 animal sys- 
tem requires. 



Mrs, B. 'Very true. |(lilk is found, bv its analysis, to contain the 
priijcipal materials of «n1inal matter, albumen, oil,- and phosphat of 
Hm^ so that the suckling has'but little troubleHo ^digest and assi- 



milate this nourishment. But we shall examine the composition of 
milk more fully afterwards. , ' ' 

In many parts of the body, numbers ofsmall vessels are collected 
together in little bun(lleK called ^/anJij/from a ILtatin w6rd, mean- 
ing acorn, on account OU^ resemblanee which some of them bear 
in shape to that fruit) ffl^e (unctions oL the glands is io secrete, or 
separate certain maftera from the blood) 

The secretions are not only mechanical, but«hemical separations 
from the blood ; fbr the substances thus formed, though contained 
in the blobd, are not ready combined in that fluid. The secjretions 
are o(1wo kind|^ those which form peculiar ^animil fluids/as bile, 
tearS} saliva,. ^c<S£ and those which prodocei the general maieriak 
of the animal ^yftem, for the purpose of recruitibg and nourishing 
the seve^ organs of the bodjf t such fik albumen, gelatine, and 
fibrine ; the, latter may be distinguisbea^ by the name of nufyitive 
$ecretioni% 

Caroline, li&kn quite astonished to bear vthat all the secretions 
8h«uld be derived from the bipod. 

Emily. I thought that the bile was produced by the liver. 

Jdrs. B. So it is ; Imtthe Uvpr is nothing more than a very large 
gland, Vhich sdcretesf the' bile fronw the blood. 

The last of the animal organs which we have ^mentioned are the 
nerves ;miese<fiLre'the«vehicle8 of sen^tion, every other part of the 
body beTDg, of itself; tdtidly insensible^ 

darotine. Th^y must, then, be sprfiid through 'every, partof Uie 
frame, for wevre every where susceptible of feeling. 

Etfiili/, Exeeptiog the nails and the hair. 

Jlfr^.'B. And tho«e are almost the only parts' in which nerves 
canoDtbe disiSover^. /The common source ofall the nerves is the 
hrainj thence they dcawend, some of them through different aper- 
tures^n the skull, but th^^eatest part through the backbone, and 
extend themselves by innumerable ramifications throughout the 

1349. ToVhatTnay thePblodd be compared? 

1350. Of what does milk consist ? 

1351. From'.#hat do the gkinde derive their name ? 

1352. What is their use ? 

1353. How many kinds of secretionirij^ithere, and wb&t are they f 

1354. What are the nerve* ? Digitized by GooqIc 
^1355. What is the common source ef tfac^nenres ? ^ 
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whole bodj. They spread themselves oyer the niMSoies, pene^rikte 
the e^lands, wind round the vascular system, and even pierce iolo 
the iQterior of the bones'. It is most probable through them that the 
communicatioQ is carried on betiveen the mind^and the other parti 
of the body ; but in what manner they are aoted on by the mind, 
and made to. react on the body, is still a profound secret. Many 
hypotheses have \)een formed on this very obscure subject, but ihey 
are. all equally improbable, and it would be useless for us to waste 
our time in conjeqtures on an inquiry, which, in all probability, is 
beyond the reach of human capacity. 

Caroline, But you ha?e not mentioned those, particular nerves 
that form the senses of hearing', seeing, smelling, and tasting? 

Mrs. B, They are considered as being of the same nature as 
those which are dispersed over every part of the body, and consti- 
tute the general sense of feeling. The different sensations which 
they producCtiTrise from their peculiar situation and connexion with 
the several organs of taste, sfnell, and hearing^ 

Emily. But these senses appear totally dimsrentfrom that of feel* 
ing? , 

Mrs. B, They are all of them sensations, but variously modified- 
according to the nature of the different organsr in which the nerves 
are situated. For, as we have formerly observed, it is by contact 
only that the nerves are affected. —Thus odoriferous particles must 
strike upon the nerves of the nose, in order to excite the bense of 
smelling ; in ihe same manner that taste is produced by the parti- 
cular stibstance coming in contact with the nerves of the tongue. 
It is thus also that the sensation of sound is. produced by. the concus- 
sion of the air striking against the auditory nerve; and si^ht-is the 
effect of the light falling upon the optic nerve. These various J^en- 
ses, therefore, are affected only by the actual Contact of the particles 
of matter, in the same manner as that of feeling. 

The different organs bf the animal body, though easily separated 
and perfectly diStinct(^re loosely connected together by^akind of 
spongy substance, in texture somewhat resemblmg net- work, call- 
ed the cellular membrane ; and the whole is covered by the skin^ 

The Mfi. asivell as the bark of vegetables, is formed o£^fH«e 
- coats. The external on^ is called the cuticle or epidermii ; \he se- 
'Cond which is called i}ne(mucous minibranSi ts of a thin, soft texture, 
and consists of a mucpus substance, which, in ne^pes is black, and 
is the caus'e of their skin appearing^ of that colouu 

Caroline. Is then the external skin of negroes white like ours ? 

Mrs. B. Yes ; but asftEe cuticle is transparent, as well as porous, 
the blackness of the mucpus membrane is visible through ih The 
extremities of:thh nerves are spread over this skin;* so that^e sen- 
sation of feeling is transmitted through the cuticle. The jnteniat 
covering of the muscles, which is properly the skin, is the thickest, 

1356. How are the nerves made subservient to the piirposcs of 
hearing, seeing, smelling, and tasting f 

1557. By what are the different parts of the animal body connect- 
ed together ? 

1358. Of how many coats is the skin formed, and what are thev 
called ? "^ » 

1359. Where is the colour of the sk-n? 

.1360. If the.colour is in the second coat, why is it so easily seexr? 
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» 
the toug^hest, and the most resisting of the whole ; i^ is this memr 
brane which is so essential in the arts, bj forming leather when 
combined with tannin. 

The skin which covers the animal bodj, as well as those mem- 
branes that form the coats of* the vessels, (consists almost exclusive- 
ly of gelatine ; and is capable of being converted into glue, size, 
or jelm 

Th^^^vities between the muscles and the skin are usually filled 
with fat, which lodges in the cells of the membranous net before 
mentioned, and gives to the external form (especially in the human 
figure) that roundness, smoothness, and softness, so essential to 
beauty. 

Emily, And the skin itself is, I think, a very ornamental part of 
the human frame, both from the fineness of its texture, and toe va- 
riety and delicacy of its tihts. 

Jttrf. J3. This variety and harmonious gradatwp of colours, pro- 
ceed, not so much from the skin itself, aS frowfme internal organs 
which transmit their several colours through it; these tints being 
only softened and blended bv the colour of the skin, which is uni- 
formly of a yellowish whit^ 

Thus modified, the darlfiiess of the veins appears of a pale blue 
colour, and the floridness of .the arteries is changed to a delicate 
pink. In the mo^t transparent parts, (be skin exhibits the bloom of 
the rose, whilst where it is more opaque, its own colour predomin- 
ates ; aqd at the joints, where the bones are most prominent, their 
whiteness is often discernible. . In a word, every part of the human 
frame seems to contribute to its external ornament ; and this not 
merely by producing a pleasing variety of tints, but by apeculiar 
kind of beauty which belongs to each individual part. Thus it is 
to the solidity and arrangement of the bones that the human figure 
owes the grandeur of its stature, and its fiitn and dignified deport^ . 
ment. The muscles delineate the fbrm, and stamp it with energy 
and grace, and the soft substance which is spread over them smooths 
their ruggednete, and gives to the contour the gentle undulations 
of the line qC beauty. Everv^ organ "of sense is a peculiar and sep- 
arate ornament ; and the skin, which polishes the surface, and 
gives it that charm of colouring so inimitable by art, finally con- 
spires to render the^ whole the fairest work of the creation. 

But now that we have ^n in what manner the animal frame is 
form«d, let us observe how it provides for its support, and how the 
several organs, which foi^n so complete a whole, are nourished and 
maintained. 

This will lead bs to a more particular explanation of the internal 
organs : here we shall not meet with so much apparent beauty, be- 
cause these parts were not intended by nature to be exhibited to 
riew ; but the beauty of design, in the internal organization of the 
animal frame, is, if possible, still more remarkable than that of the 
external parts. 

We shall deferthis subject till our next interview. 



1361. Of what does the skin consist ? 

1362. On what is the human complexion or colour depending be- 
sides the skin ? r^^^^u 
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CONVERSATION XXV. 

^N ANIHALISATION, NUTHITIOBI, AND RESPIKATION^ 

Mrs. B. We have now learnt of what materials the animal sys- 
tem is composed, and have formed some idea of the nature of its or- 
ganization. In order to complete the subject, it remains for us to 
examine in what manner it is nourished and supported. 

Vegetables, we have observed, obtain their nourishment from va- 
rious substances, either in their elementary state, or in a very sim- 
ple state of combination ; as car>on, water, and salts, which they 
pump ap from the soil ; and carbonic acid and oxygen, which they 
absorb from the.atmosphere, 

Animals, on the contrary, feed on substances of the most compli- 
cated kind ; for they derive their sustenance, isome from the animal 
creation, others from the vegetable kingdom, and some from both. 

Caroline. And there is one species of animals, which, not satisfied 
with enjoying either kind of food in its simple state, has invented 
the art of combining them together in a thousand ways, and of ren- 
dering: even the mineral kingdom subservient to its refinements. 

Emily ' Nor is this all -, for our delicacies are collected from the 
•various climates of the earth, sp that the four quarters of the globe 
are often obliged to contribute to the preparation of our simpleat 
dishes. 

Caroline. Butthe very complicated substances which constitute 
the nourishment of animals, do not, 1 suppose, enter into the sys- 
tem in their aictual state of combination ? 

Jtfr*. JB./So far-from it, that they not only undergo anew ar- 
rangement\>f their, parts, but a selection is made of such as are 
' inost proper for the nounslnnent of the body, and those only enter 
into the system, and are animalise^ 
Emily. And by what organs is tWs process performed ? 
Mrs. B. Chiefly by the stomach, which is the organ of digestiooi 
and the prirt*e regulator of the animal framed 

Digetiion is the first step towards nutrition, ift consists in redu- 
cing into one homogeneous mass the various substances that are 
taken as nourishmeot ; it is performed by first chewing and mixing 
the solid aliment with the saliva, which reduces it to a soft mass, in 
which state it is conveyed iAto the stomacB^ wherept is more com- 
pletely dissolved by the gastric juice.k '. • **. • 

This fluid (which is secreted infb the- stomach by appropriate 
glands) is so powerful a solvent, that scarcely any substances will 
resist its action. 

Emily. The coats of the stomach, however, cannot be attacked 
by it, otherwise we should be in danger of having them destroyed 
when the stomach was empty. 

1363. What is the subject of the 25th conversation ? 

1364. Do the substances wliich constitute the nourishment of an- 
imals enter into their system, in their actual state of combination i 

1365. Where is the digestion performed ? 
r366» What is the first operatiton in digestion ? 
1367. What office is performed by the gastric mice ? 
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JSrt, B. They are probably not subject to its action \ as leo^, at 
least, as life continues. But it appears, thatX^hen the j^tric ji^oe 
has no foreign substance to act upon, it is capable of occasioning a 
degree of irritation in Ibe coats of the stomach, irbich produces tne 
sensation of bunge^ ^he gastric juice, together with the heat and 
muscular action of^the stomach, conyerts the aliment into an uni- 
form, pulpy mass, called chymej; This passes into the intestines, 
where it meets-wilh the bile and some other fluids, by the agencv.of 
which, and by the operatioiM>f^ther causes hitherto unknown/lbe 
chyme is changed into chylo^ much thinner substance, someirhat 
resembling mild -which is'^minped by immense numbers of small 
absorbent Fessds spread over the internal surface of the intestines. 
These, after many circumvolutions, gradually meet and unite into 
lar^e branches, till they at length collect the chyle into one vessel, . 
which pours its contents into the great vein near the heart, by which 
means the food, thus prepared, enters into the circulation. 

Caroline. But I do not yet clearly understand how tb^ blood, thai 
formed, nourishes the body and supplies all the secretions? 
. Jdrs. B, Before this can be explained to vm, you must first allow 
me to complete the formationof the, blood, w^^e chylaroay, indeed, 
be considered as forming thechief ingredient of blood? but this fluid 
if hot perfect until it has passed through the lungs, and undergone 
(together with the blood that has already circulated) certain neces- 
sary changes that are effected by rbspiaatioic . 

Caroline, I am very glad that you are going to explain the natnre 
of respiration : I have often longed to understand it; for though we 
talk incessantly o( bireathing, I nevjer knew precisely what purpose 
it answered. 

JIfri. B, It is, indeed, one of the most intdresting processes ima- 
grinable ; but in order to understand this function well, it will be 
necessary to enter into some previous explanations. Tell me, 
Emily, what do you understand by respiration i 

Emily. Respiration, I oonceivei^onsists siroplyJn alternately in- 
jptrtfig air into the lungs, and expirthg it from ttie^ 

Jlfr«. B. Tour answer will do very well as a gf neral definition. 
But, in order to form a tolerably clear notion of the various phenom- 
ena of respiration, there are many circumstances to b4 taken into 
(&)nsideration. ^ 

In the first place, there are two things to be distingoisbed in res- 
piration, the tneehanteal and the diemical part of the process. 

The mechanism of breathingmepends on the alternate expansions 

id contractions of the chest, m which the lungs are contained) 

hen the chest dilates, the cavity is enlarged, and the air rushes m 
at Che mouth, to fill up the vacuum formed by this dilatatig^y^hen 
it contracts, the cavity is diminished and the air forced ouvVgain. 

1368. How is the sensation of hunger produced ? 

1369. At what state of animalisation is the aliment called chyme f 

1370. Into w^t is it next changed ? 

1371. How does chyle differ from chyme f 

1372. What forms the chief ingredient of blood ? 

1373. What is respiration } 

1374. On what depends the mechanism of breathing? 

1375. What takes place when the chest dilates ? 

1376. What tiakes place when it contracts ? 
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of breatyn;. 



Caroline. 1 tboug^ht that.it was the lungs that contracted and ex- 
panded in breathing. ^ , ,^ 

Mrs, B. They do likewise ; butQheir action is only the conse- 
quence of that of the chest. The lungs, together with the heart and 
largest blood vessels, in a manner fill up the cavity of the chesj: 
they could not, therefore, dilate, if the chest did not previously ex- 
pand ; and, on the other hand, when the chest contracts, it com- 
presses the lungs, and forces the air out of them. • ^ 

Caroline. The lungs, then, are like bellows, and the chest is the 
power that works them. 
*^ (Fig. 35. 

JIfrt. B. Precisely so. Here is a curious App«r»t» to murtntte the med 
little figure which will assist me in explain- 
ing the mechanism of breathing. 

Caroline, What a droll figure! a little 
head fixod upon a glass bell, with a bladder 
tied over the bottom of it. 

Mrs. B. You must observe that there is 
tmother bladder within the glass, the neck 
of which communicates with the mouth of 
the figure — this represents the lunes con- 
tained within the chest ; the other bladder, 
which you see Js tied loose, represents a 
muscular membrane, called the dia- 
phragmy which separates the chest from 
the lower part of the body. By the chest, 
therefore,! mean that ^arge cavitjr ip the 
upper part of the body contained withiu the 
ribs, the neck, and the diaphragm^ this 
membrane is muscular, aUd capable of con- 
traction and dilatation. The contraction 
may be imitated by drawing Itie bladder 
tight ov<er the bottom of the receiver, as I 
can easily do by squeezing it in my hand, 

when the air in the bladder, which repre- ^^ 

sents the lungs, will be forced out througl^ ^^ Gi^^unrBrBUdderr.- 

the mOUllf of the figure. — >6tentiiif langi. C. BUdd«r re- 

prttentlnf the Diaphnf i£^ 1. 

Emily, See, Caroline, how it blows the flame of the c^dle in 
breathing! 

Jtff^i. B, By letting the.bladder loose again, we imitate tbe^la- 
tation of the diaphragm, and the cavity of the chest being enlarged, 
the lungs expand, and the air rushes in to fill them. 

EmUy, This figure, I think, gives a very clear* idea of the process 
•of breathing. 

Mrt,B. It illustrates, tolerably well, tb^ action of the lungs and 
diaphragm ; but thode are not the only powers concerned in tne en- 
Jargement or diminution of the cavity of the chest ; the ribs are also 
possessed of a muscular motion for the same purpose ;/they'are al- 
ternately drawn in, edgeways, lo assist the contractioniand stretch- 

, 1377. On what does the expansion and contraction -of the lungs 
depend? > 

1378. What part of the body is called the chestf 

1379. How would you explain figure 36 f 
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ed out, Uke the hoops of a barrel, to contribute to the dilatation of 
the cbesp 

Emil^ I always supposed that the elevalion and depressiisP of 
the ribs trere thepoosequence, not tbcupause, of breathing. 

Mrt, B. It is exactly the reverse. (The muscular action of the 
diaphragm, together with that of t\^ riBs, are the causes of the conr 
traction and expansion of the che8» and the air rushing iprto, and 
being expelled from the lungs, aretmlycorMe^t^eTu^fiipf those actions. 
Caroline. 1 confess that I thought the act of breathing began by 
opening the mouth for the air to rush in, and that it was the air 
alone, which, by alternately rushing in and out, occasioned the di* 
lat^tions and contractions of the lungs and chest. 

JUrs. B. Try the experiment of merely opening your mouth : 
the air will not rush in, till by an internal muscular action you pro- 
duce a vacuum — yes, just so, your diaphragm is now dilated, and 
the ribs expanded. But you will not be able to keep them ion? in 
that situation. Your lungs and chest are already resuming their 
former state, and expelling the air with which they had just been 
filled. This mechanism goes on more or less rapidly : but, in gene- 
ral, a person at rest and in health will brcath^etween fifteen and 
twenty-five times in a mmut^ ^ 

We may now proceed to the chemical effects of respiration ; but, 
for this purpose, it is necessary that you should previously have 
some notion of the xirculatiorh of the blood. Tell me, Caroline, 
what do you understand bv the circulation of the blood ? 

Caroline. I am delighted that you have come to this subject ; for 
it is one that has long excited my .curiosity. But 1 cap.pot conceive 
how it is connected with respiration. The idea that I have of the 
circulation is, that the blood runs from tbie heart through the veins 
all over the body, and back again to the heart- 

J^Irs. B. I could hardly have expected a better definition from 
you : i^is, however, not quite correct"; for you do not distinguish 
the arteries from the veins, which, as we have already observed, 
are two^stinct sets of vessels, each having its own peculiar func- 
tions, ^iie arteries convey the blood from the heart to the extre- 
mities of the body ; and the veins bring it back into the hea^ 

This sketch will give you an idea of ^the manner in whicKsome 
of the principal veins and arteries of the;human body branch out 
of the neart, wbigh may be considered as AfCommon centre to both 
sets of vessels. /The heart is a kind of strong elastic bag, or mus- 
cdlar cavity, wmch possesses a power of dilating itself, for the pur- 
p<)6cs of alternately receiving and-^xpelling the blood, in order to 
carry on the process of circulation^ 

Emily. Why are the arteries in this drawling paiited red, and the 
veins purple? 

J^irs. B. It is to point out the difference ofuhe colour of the blood 
in these two sets of vessels. 



1380. What office do the ribs perform ? 

1381. What causes the contraction and expansion of the chest f 
1332. How many times will a person, well and at rest, breathe 

Uk a minute ? 
1383. In what manner is the circulation of hlood carried on ? 
.1384. How is the heart described ? ^ i 
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Caroline, Bat if it is the same blood which flovrs from the arte- 
ries into the veins, how can its colour be changed ? ^ 

Mrt, B. This change arises from yarious circumstances, /in the 
first place, during its passag^e through the arteries, the blood under- 
goes a considerable alteration, some of its constituent parts being 
gradually separated from it for the purpose of nourishing the bodj, 
and of supplying the various secretions. In consequence of this, 
the florid arterisd colour of the blood changes by degrees to a deep 
purple, which is its constant colour in the veins On the other 
hand, the blood is recruited during its return through the veins by 
the fresh chyle, or imperfect blood, which has been produced by 
food ; and it receives also lymph from the absorbent vessels, as we 
have before mentioned. After having undergone these several 
changes, the blood returns to the heart in a state very different 
from that in which it left it. It is loaded with a greater proportion 
of hydrogen and carbon, and is no longer fit for the nourishment 
of the b(2[y, or other purposes of circulation^ 

Emily. And in this state does it mix in tire heatt With the pure 
.florid blood jvhicb runs into the arteries ? 

Jtfr*. J?./N(V The heart is divided into two cavities, or corn- 
partitions, called the right and tefl ventricles. The left ventricle is 
•the receptacle for the pure arterial blood, previous to its circula- 
tion; whilst the venous, or impure blood, which returns to the 
heart after having circulated, is received into the right ventricle, 
previous to its purification, which I shall priesendy explain. 

Caroline. I own that I always thought the same blood circulated 
again and again through the body, without undergoing any ehange. 

Mrt. B. Yet you must have supposed that the blood circulated 
for some purpose. 

Caroline, 1 knew that it was indispensable to'lifb; but had no 
4dea of its real functions. 

Jtfri. B, But now that you understand that |he blood conveys 
nourishment to every part of fhe bod]^, and supplies the various 
secretioifi) yoii must be sensible that it cannot constantly answer 
these obj^ts without being proportionally renovated and purified. 

Caroline. But does notlbe chyle answer this purpose f 

Mn, B, Only in part. Qt renovates the nutritive principles of 
the blood, but does not relieve it from the superabundance or water 
and carbob with which it is encumberedA 

JSint/v. Hp'Vj then, isthi^ffecled? / 

Jtfrt.^.(By Respiration^ This is one of the grand mysteries 
which modem chemistry has disclosed. When the venous blood en- 
ters thte right veiitricle oi the heart, it contracts, by its muscular 
power, and throws the blood through a large Vessel 4nto the lungs, 
which are contiguous, and through which it Circulates by millions of 



1385. How does the arterial differ from the venous blood ? 

1386. Does the venous' blood mix with the ^rterial'in its return 
to the heart ? 

1387. How is tiourishment conveyed to different paits ofthe body ? 

1388. How does the chyle serve to renovate and purify the blood? 

1389. How is the' blood relieved '<rom its superabundance of wa- 
Her and carbon ? 
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small ramifications. Here it eomes ia cootaci^ with the air which 
we bredtdie. The action of the air on the blood in the lungs, is in- 
deed, concealed from our immediate observation ; but we are «ble 
to form a toleralxle accurate judgment of it from the chans^es which 
it effects, not^nly in the blood, but also on the air expired. 
rThe air, after passing through the lungs, is found to contain all the 
nitrogen inspired, but to have lost part of its oxygen, and to have 
acquired a p(n*tion of waUry vapor, and of carbonic acid ^aV"' 
Hence it is inferred, that/wben the air comes in contact with-m 
venous blood in the lungs^the oxygen attracts from it the supera- 
bundant quantity of -carbon with which it has impregn^ed itselr dur- 
ing tlie circulation, and converts it into carbonic acidl This gas- 
eous acid, together with the redundant moisture frdm the lungsf 
being then expired, the blood is restored to its former purity, that is, 
to the state of arterial blood, -and is thus again, enabled to perform 
its various functions. 

Caroline, This is trul j wonderful ! of all that we have yet learn- 
ed, I do not recollect any thin^ that, has appeared to me so curiovs 
•and interesting. 1 almost believe that I should hke to study anato- 
my now, though I have hitherto had so disgusting an idea ef it.-^ 
Pray, to whom are we indebted for these beautiful discoveries ^ 

Jur$. JB./PriesUy and Crawford, in this country, and Lavoisier, 
in France, are the principal inventors of the theory of respiration a 
Of late years the subject has been farther illustrated and simplifiea 
hy the accurate experiments of Messrs AUyn and Pepys. But the 
sUn more important and more admirable discovery of the circula- 
tion oLthe bipod was made long before by our immortal country^ 
man,(H^rvey. /J Jl ^v \ :i 

EmUy, Indebdi 1 never heard any thing that delighted me so 
much. as this theory of respiration. J3ut I hope, Mrs. B., tliat you 
will enter a little more into particulars before you dismiss so inter- 
esting a subject. We 16ft the blood in the lungs to undergo the 
salutary change ; but how does it thence s{)read to all the parts of 
<he body • ^ * 

Jtfrir. B. /After circulating through tbeltfngs, tlie blood istx)llect<» 
ed into founlarge vessels, by which it is conveyed into the left ven- 
tricle of the heart, whence it is propelled to aul the diferent parts 
of the body by a large artery, wnich gradually ramifies into mil- 
lions of smaU arteries through the whole frame. From tlie extremi^- 
ties of tbese little ramifications the blood is transmitted to the veins, 

* Not in actual contact. In this case it is obvious there tirould be 
nothing to confine the blood and prevent its flowing out. The air 
cells are ^parated from the blood vessels by an extremely thin 
membrane.^C. 

f The quantity of ^moisture discharged 'htf the lung^ in 24 hoars^ 
may be computed at eigbt or nine ounces. 

1390. What effect does respiration have on the air we breathe? 

1 391. What becomes ef the blood when it has become purified im 
ciroolatinc through the Vcmgs ? 

1392. Who were the inventors of the received theory of resf^ 
tion ? 

139a W ho discovered the circulation <of the blood ? 
1394. After the blood is purified in the lungs, how is it spread t» ' 
the various parU of the body f ^^^^^^^^ by Google 
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which briDgf it^back to the heart vaod lang^wio go rouDd again and 
again in the manner we have just dcfscribeaJ Yoa see, therefore, 
that the blood actuallyundergoes two circuladons ; the one, through 
the lungs, by which it is converted into pure arterial blood ; the 
other, a general circulation by which nourishfhent is conveyed to 
every part of the body; and these are both egually indispensable 
to the support of animal life. 

Emily, But whence proceeds the carbon with which the blood is 
impregnatefi when it comes into the longs f 

Mrs, R. ^arbon exists in a greater proportion in blood than in 
organized animal matter. The blood, therefore, after suppl3ring its 
various secretions, becomes loaded with an excess of carbon, which 
is^jarried off by respiration ; and the formation of new chyle from 
the food affords a constant supply of carbonaceous matte^ 

Caroline. I wonder what quantity of carbon may bo^xpelled 
from the blood by respiration in the course of 24 hours ? 

Mrs, B, It appears by the experiments of Messrs. Allyn and 
Pepys tbat^out 40,000 cubic inches of carbonic acid ^s, are emit- 
ted from thVlungs of a healthy person, daily l which is equivalent 
to -eleven (nincas of solid carbon every %i hour^ 

Emily, What an immense Quantity! And*^pray how much of 
carbonic acid g^s do' we expel from our lungs at each respiration ? 

Mrs, B, The opantity of air which we take into our lungs at 
each inspirationnsabout 40 cubic inches, which contains a little less 
than 10 cubic inches of oxyg^^ and of those 10 hiches, one-eighth 
is converted into carbonic ac1a gas on passing once through the 
lungs,^ a change sufficient to prevent air which has only been 
breathed once ^om suffering a taper to burn in it. 

Caroline, Pray how does air come -in contact with the blood in 
the lungs?" 

Mrs, B, I cannot answer this question without entering into an 
explanation of the nature and structure of the lung^. You re- 
collect that/tlie venous blood, on being expelled from the right ven- 
tricle enteiV the lungs to go -through what we may call the lesser 
circulation ; the large trunk or vessel conveys its branches out, at 
its entrance into the lungs, into an infinitebumber of very fine ram- 
ifications. The wind-pipe, which conveys the air from the .mouth 
into the lungs, likei^i$<e spreads out into a corresponding number of 
air vessels^ which follow the same course as the blood vessels, form- 
ing millions of very minute air cells. These two sets of vessels are 
so interwoven as to form a sort of net^work, connected into.a%ind 
of spongy mass, in which every par-t(cle of blood must necessarily 
come in contact with a particle^of ain 

^ The bulk of carbonic acid gas formed by respiration, is exactfy 
the same as that of the ox} gen gas which disappears. 

1395. Whence proceeds the carbon with which the blood is im- 
'pregnated on its return to the \\xrx^% P 

1396. What quantity of carbon is expelled from the blood by res- 
piration in 24 hours ? 

1397. What is the quantity of air we take into our longs at each 
respiration ? 

1398. How does the air come in contact with the blood in the 
viungs ? 
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Caroline. But since the blood and the air are contained in differ- 
ent vessels, hpw can they come in contact ? 

•Mn. B, (Tbey act on each other through the membrane which 
forms the c^s of these vessels ; for although this membrane pre- 
vents the blood and the air from mixing together in th^Jungs, yet it 
is no impediment to their chemical action on each oth^l" 

Emily, Are the lungs composed entirely of blood vSsels and air 
vessels ? 

Mrs, B, I believelpey are, with the addition only of nerves and 
of a small quantity of the cellular substance before-mentioned, 
which connects the whole into a uniform mass^ 

Emily, Pray, why are the lungs always spvken of in the plural 
number!* Are theremore than one ? 

Mrs, B, Yes ; forlBough they form but one organ, they really 
consist of two .compartments, csdled lobes^ which are enclosed in sep- 
arate membranes or bags, each occupying one side of Ihe chest, and 
being in close contact with each other, but without communicating 
together! This is a beautiful provision of nature, in consequence of 
which, if one of the lobes be wounded, the other performs the whole 
p^ess of respiration till the first is healed. 
/The blood,)thus completed, by the process of respiration, forms 
die 4nost complex of all animal compounds, since it contains not on- 
ly the numerous materials necessary to form the various secretions, 
as saliva, tears, &c. but likewise all those that are required to nour- 
ish the several parts of the body, as the muscles, bones, nerves, 
glands, &c.f 

^ It is not absolutely certain that the change which the blood un- 
dergoes in the lungs is entirely owine to the loss of carbon ; since 
experiments shew that any animal 8ut)stance, even the hand, when 
confined in a portion of atmospheric air, lessens the quantity of ox- 
ygen and produces a corresponding' quantity of carbonic acid. It 
IS possible then, that the carbon produced by respiration, may be 
owJDg merely to the contact between the air and the lungs.— C. 

-fThe process of secretion does not consist merely in the separa- 
tion of certain materials from the blood by the secreting organ ; 
' but in many instances, entirely new products are formed, no traces 
of which ha^e been detected m the bloodJ For instance, the solid 
matter of the bones is derived from the blood, yet not a particle of 
phosphat of lime, (a substance composing the basis of the bone,) is 
found in it. It appears, then, that the gland* which are the organs 
of secretion, have the power of producing from the ultimate atoms 
of the blood, the variety of products peculiar to each. Thus, the 

f lands situated about the eyes secrete the tears^ a saline, pellucid 
uid ; while the liver secretes from the same source, the bile, a 
greenish, opake, bitter, and extremely nauseous substance. It is 
most probable that we shall ever remain in profound ignorance, of 
any mode of imitating these operations. — 

1399. If the blood and air are contained' in sepatate vessels, how 
can they come in contact ? 

1400. Are the lungs entirely composed ot blood and air vessels ? 

1401. Why are the lungs spoken of in the plural number? 

1402. What forms the most complex of all the animal compounds? 

1403. What is said of secretion in the note / ^ . 
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Emiljf. There seerps to be a sing^ular analogy between the blood 
of animals and the sap of vegetables ; foi^ch of these fluids coo- 
tains the several materials destined for theSratrition of the nutner- 
oas class of bodies to -which they respectively belon?^ 

Mrs. B. Nor is the production of these flaids in Tne animal and 
veg^etable systems entirely different ; for the absorbent vessels 
which pump up the chyle from the stomach and intestines, may be 
compared to the absorbents of the roots of plants, which suck up 
the nourishment from the soil. And the analogy between the sap 
and the blood may be still further traced, if we follow the latter in 
the course of itscircalation ; for in the living animal, we find every 
where organs which are possessed of a power to secrete from the 
blood and appropriate to themselves the ingredients requisite for 
their support. 

Caroline, But whence do these organs derive their respective 
powers f ^ 

Mrs, B, u^rom a peculiar organization, the secret of which no 
one has yeH)een able to unfold) But it must be ultimately hj 
means of the vital principle that ooth their mechanical and chemi- 
cal powers are brought into action. ^ 

I cannot dismiss the subject of circulation without mentioning 
perspiration, a secretion which is immediately connected with it> 
and acts a most important part in the animal economy. 

Caroline, Is not this secretion likewise made by' appropriate 
glands ? 

Mrs, B. No ;^t is performed by the extremities of th^ arteries, 
which penetrateih rough the skin and terminate under the cuticle, 
through the pores of which the perspiration issu^^ (When this flu- 
id is not secreted in excess, it is insensible^hecmsett is dissolved 
by the air as it exudes from the pores); Tbut when it is secreted 
faster than it can be dissolved it becormi muibUf as it assumes its 
liquid stateS 

Emily, This secretion bears a striking resemblance to the trans- 
piration of the sap of plants. They both consist of the most fluid 
parts, and both etude from the surface by the extremities of the 
vessels through which they circulate. 

Mrs, B. And the analogy does not stop there ; for, since it has 
()een ascertained that the sap returns into the roots of the plants, 
the lesemblance between the animal and vegetable circulation is 
become still more obvious. The laiter, however, is far from being 
complete, since, as we observed before, it consists only in arising 
and descending of the sap, whilst in animals the blood actually cir- 
eulates through every part of the system. 

We have now, f think, traced the process of nutrition, from the 
introduction of the food into the stomach, to its finally becoming a 
constituent part of the animal frame. This will, therefore, be a fit 
period to conclude our present conversation. 

What further remarks we have to make on the animal economy 
shall be reserved for our next interview. 

1404. What analogy is there between the blood of animals and 
^vegetables ? 

1405. Whence do the several organs derive thoir respective 
powers ? 

1406. How does perspiration take place ? 

1407. When is perspiration insensible ? r^^^r^l^ 

1408. When does it become seotible ? °^ * "^' '' boogie 
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CONVERSATION XXVI. 

ON ANIMAL HEAT ; AND ON VARIOUS ANIMAL PBODUCTS. 

Emily. Since our last interview, I have been thinking much of 
the theory of respiration ; and I cannot help being struck with the 
resemblance which it appears to bear to the process of combustion. 
Fornn respiration, as in most cases of combustion, the air suffers a 
change, and a portion of its oxygen combines with carbon, pro- 
ducing carbonic acid gas^ 

Mrs, B. I am much pleased that this idea has occurred to you ; 
these two processes appear so very analagous, that it has been sup- 
posed that a kind of combustion actually takes place in the lungs ; 
not of the blood, but of the superfluous carbon which the oxygen 
attracts from it. 

Caroline* A combustion in our lungs ! that is a curious idea in- 
deed ! But, Mrs. ^., how can you call the action of the air on the 
blood in the lungs combustion, when neither light nor heat are 
produced by it ? 

Emily. 1 was going to make the same objection. — ^Yet I do not 
conceive how the oxygen can combine with the carbon, and pro- 
duce carbonic acid vvithout disengaging heat ? 

Mrs. B. The fact is that heat is disengaged.^* Whether any light 
be evolved, 1 cannot pretend to determine ;/but that heat is pro- 
duced in considerable and^very sensible quantities is'certain.; and 
this is the principal, if not the only source of animal heat^ 

Emily. How wonderful, that the very process which purines and 
elaborates the blood, should afford an inexhaustible supply of in- 
ternal heat ? 

Mrs. B. This is the theory of animal heat in its original simplici- 
ty, such nearly as it was first proposed by Black and Liavoisier. It 
appeared equally clear and ingenious ; and was at firsts enerally 
adopted. But it was objected on second eonsidcratioriythat if the 
whole of the animal heat was evolved in the lungs, it would necessa- 
rily be much less in the extremities of the body, than immediately at 
its source ; which is not found to be the cas^ This objection, how- 
ever, which was by no means frivolous, is now satisfactorily removed 
by the following consideration t-fVenous blood has been found by 

* It has been calculated that the beat produced by respiration in 
12 hours, in the lungs of a healthy person, is such as would melt 
about 100 pounds of ice. 



1409. What analogy is there between respiration and com- 
bustion? 

1410. What is the principal source of animal heat ? 

1411. What objection has been made to the hypothesis which 
ascribes animal heat to respiration ' 

1412. If the whole of animal heat is evolved in the lungs, why is 
it not less at the extremities of the body than at its source f t 
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experiment to have leas capacity for heaty than arterial blood ; 
wbeoce it follows that the blood, in g^radually passing from the ar- 
terial to the renous state, during the circulation, parts with a por- 
tion of caloric, by means of whi^h heat is diffused through every 
part of the bodyT)' 

Emily, More and more admirable ! 

Caroline, The cause of animal heat was always a perfect mystery 

* This is substantially Dr. Crawford's theory of animal heat : and 
that it is a most beautiful and ingenious one, cannot be denied. Sub- 
sequent experiments have, however, proved its fallacy, ^r. John 
Davv has shown that the difference of capacity for heat, between the 
two kinds of blood is much less than was supposed by Dr. Crawford; 
the capacity of arterial being only one per cent, above that of ve- 
nous blood. Now it is obvious that this minute difference cannot ac- 
count for animal temperature ; nor is it certain that even this small 
quantity of heat is given out to the systein^ Another objection is 
the result of an experiment of Mr. Brodie/ This indeed seems to 
settle the question that animal heat does not depend on any change 
which the olood undergoes in the lungs. He found that on keeping 
up an artificial respiration in the lungs of a decapitated animal, the 
blood was changed from black to red, and carbonic acid was giv- 
en out as usual ; but that the animal grew cold faster than another 
dead one, where such artificial respiration was not kept up. 

This, it is obvious would be the case, unless heat was caused by 
respiration, as the air forced into the lungs would tend to cool the 
animal. 

Prof. Cooper, of Philadelphia, proposes another theory. *(I ?<5e 
no material difficulty,*' says he, *• in accounting for the prodiwlion 
of animal heat from the doctrine of latent heat. The fluids of the 
body are incessantly employed to renew the solids ; when a fluid 
is converted into a solid, heat or caloric is precipitated. This takes 
place every moment very gradually in every part of the system^' 

We are ignorant of the train of ailments by which the le^ed 
Professor supports his theory. But, if on the one hand, the conver* 
sion of a fluid into a solid produces heat, so it is equally well proved, 
that the conversion of a solid into a fluid produces cold. Now the 
solid parts of the body, after being deposited from the fluids, are 
again converted into fluids by the absorbents. This theory, then, 
accounts for the production of heat only when the deposition ii 
greater than the absorption, as during the growth of the system. 

^rom some experiments, mad6 by Mr. Brodie, and Dr. Philip, 
they have been induced to believe that animal temperature depends 
on the influence of the nerves! 

In regard to this theory, itrnay be observed, that in some instan- 
ces where the nervous influence seems to be suspended, the heat of 
the part remains much the same as in health. 

This subject has excited the attention of the learned and cnrioa 
in all ages, and a great variety of theories have been offered to acs 

1413. What objection it there to Dr, Crawford'i theory ^ aniMMi 
heat? 

1414. What it Profestor Cooper^ t theory of animal heat f 

1415. What wot the opinion of Mr. Brodie^ and Dr. PhiHpi en the 
■iukjeet of animal heat ? 

Digitized by LjOOQ IC 



r^" ' 



Digitized byLnOOQlC 



3X4 6N animal HEA7. 

Mr9. B. Yfes, I do ; at lel^t if .you speak of the'lempepatere <rf 
the blood, and the internial partsr of the body ; for those wbich are 
immediately in coniact with the atmosphere, supfa as (lie hands and 
lace, will occasionally get warmer, or colder, than the internal or 
more sheltered parts'. If you put the bulb of a thermometer in 
your mouth, which is the best way of ascertaining the real tempera- 
ture of your body, you will scarcely perceive any difference in its 
indication, whatever may be the'difference of temperatureiof the 
atmosphere. - ^ 

Caroline, And when 1 feel overcome by heat, 1 am really not 
hotter than when 1 am shivering with cold ? ^ 

Mrs. B. When a person in health feels yery hot, whether from 
internal heat, from violent exercise, or from the temperature of the 
atincsphere, his body is certainly a Httle warmer than when he feels 
very cold ; but this difference is much smaller than our sensations 
would make us believe ; and the ntitural standard is soon r^store^ 
l)y rest and by perspiration. It is chiefly the external parts that are 
warmer, and I am sure you will be stirprised to bear that the inter- 
nal temperature of the body scat-cely ev<5r descends below ninety- 
fire or ninety-six degrees, and seldom attains bne'hundred and four, 
or one hundred and five degrees, even in the most violent fevers. 

Emily, frhe greater quantity of caloric, thereforej that we receive 
from the atmosphere in summer, cannot raise the temperature of 
our bodies bejond certain limits, as it does that of inanimate bodies;, 
because an excess of caloric is carried off by perspiratiodj 

Caroline. But the temperature of th*fe atmosphere, aitfd conse-' 
quently, that of inanimate bodies, is surely never so high as that of 
animal heat. 

Mrs. B. I beg your pardon. In the Bast atfd West Indie^ and 
sometimes in the southern parts of Europe, the attnosphfere is fre- 
quently above ninety-eight degrees, which is the common tempera- 
ture of animal heal. Indeed, even in thisr country, it occasionally 
happens that the sun's rays, setting full on an object, elevate it« 
temperature above that point. 

V Id illustration of the power which our bodies have to resist the 
effects of'external heat. Sir Charles Blagden, w'ith some oilier gen- 
tlemen, made several very curious experiments, iffe remained for 
.some time in an oven heated to a temperature not Snuch inferior*to 
that ofboiling water, without suffering any other inconvenience than 
a profuse perspiration, which he supported by drinking plentifullytN 

Emily. He could scarcely consider the perspiration as an inccniK 
venience, since it saved him ^rotn being bkked by giving vent to 
'the excess of caloric. 

Caroline. \ alway$ thought, I confess, that it was from the bent 
of the perspiration that Ve suffered in summer. " 

Mrs. B, You now find that you are quite mistaken.-^WheaeTep 
evaporation takes place, cold; you know, is producea»-in conce- 
quence of a quantity of caloric being carried off in a latent stkte; 



1419. Does, the decree of animal lieat vary with the change of 
oiimatcf? 

1420. How is it that the temperature of the body remains essen- 
tially the same in summer and winter, and in different climates ? 

14^1. What ex'periment was made by Sir Charles Blagdeo upon 
.this subject f ? . . , '^ 
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tbts^is the case with perspiratioOy and it la in this way that it affords 
roliefp It is on that account, also, that we, are so apt to catch cold^ 
wheir 143 a. state of profuse perspiration. Ki is for the same reason 
that tea is most refreshing in summer, though it appears to beat yon 
at the moment you drink iu| 

Emily* And in winter^ on the contrary, tea is pleasant on ac- 
count of its heat. 

Mrs. B: Y^s ; for ^e have then rather to guard against a defi- 
ciency than an excess of. caloric) and you do not find that lea will 
excite perspiration in winter,, unless after dancing, or any other 
violent exercise. 

Caroline, W hat is the reason that it is dangerous to eat ixse after 
dancing, oj^^to driok aay thing cold when one is very hot? 

Mrs. ^^/Secause the loss of heat arising from the perspiration, 
COnjointlyWith the cbill occasioned bvthe cold draugnt, produced 
more cold than can be borne wrth safety unless you continue to use 
the sanie exercise after drinking that 5^u did before ; for the hea:t 
occasioned by the exercise will counteract th^ effects of the cold 
drink, and the danger will be removed. You may, however^ con- 
trary to the common notion, consider it as a rule, that cold liquids 
may at all times be drunk with perfect safety, however hot you 
may feel,* provkled you are not at the moment in a state of great 
perspiration, and on condition that you keep yourself in gentle ejn- 
ercise afterwards. 

Emily. But since we are furnished with such resources against 
the extremes of heat and cold, I should hav^ thought that all cli- 
inates would have been equally wholesome. 

J^Jrs. B. That is true» in a certain degree, in regard to those who 
have been accustomed to them from birth ; for we find that the na- 
tives of those climates, which we consider the most deleterious, are 
^ healthy as onrselves; and if such climates are unwholesome to 
those who are habituated to a more moderate temperature, it is be- 
cause the animal economy does not easily accustom itself to con- 
Biderable change. 

Caroline. But, pray, Mrs. B., if the circulation preserves the body 
of an uniform temperature, how does it happen that animals are 
sometimes jmzen ? 

JJrs ^.^ecause, if more heat be carried off by the atmosphere 
than the circulation c^ supply, the cold will finally prevail, the 

* The common notion on this subject is certainly the most safe. 
A person heated, and almost exhausted by exercise on a hot da^, 
ought never to drink any cold liquid, except in very small quanti- 
ties at a time. \ Not a summer passes but we hear of deaths by 
drinking cold vater after violent exercise — C. 

1422. Why are we apt to take cold in a state of profuse perspira- 
tion ? 

J 423. Why is hot tea refreshing in waroi weather of summer ? 

14^4. Why is not a'qnantity of caloric carried off by the use of 
hot drink in winter, as well as summer? 

1425. Why is it dangerous to drink cold water when in a state 
of profuse perspiration ? 

1426. U the circulation preserves the body of a uniform tempers^- 
Cure, how does it happen that animals are sometimesirozen | 
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heart vrHl cease tp beat^ and the animal mH be irozen. And, like- 
wise, if tbe^o4y remained long exposed to a degree of beat, greater^ 
than the perspiration* could t^arry off, itwouljdf, at least, lose the 
power of resisting its destructive in^uence]| 

Caroline, Fish, I suppose, have no animal beat, biit onlj partake 
of the temperature of the i^ater in which they -live.* 

Emily, And their coldness, no doubt, proceeds from their oof 
breathing? 

Mrs. B. All kinds of fish breathe more er less, though in a mtieh 
smaller degree than land animals. . Nor are they entirely destitnte 
of animal heat, though^or the same reason, they are much colder 
Uian other creatures. tThey hai^ comparatively but a rery small 
quantity of blood, therefore but very Ultie oxygen is required, and 
a -proportionally small quantity of animal heat is generate^ 

Caroline, But how can 6sh breathe underwater? ^ 

Mrs, B. ^hey breathe by means of the air which is dissolved m 
the watcA and if you put them.into water, deprived ofair by boil- 
ing, they are soon suffocated. 

/If a fish is confined in a vessel. of water dosed from the air, it 
soon dies ; and anjjr fish put in afterwards would ^ killed imme- 
diately, as all the air had been previously consumeA 

Car'oline. Are there any species of animals th^ breathe more 
than we do ? ^ / . / ; , ^ 

Mrs, B. Yes ;^bird|, of all animals, breathe the greatest quantity 
of air in proportion to their sizeV and it is to this that th^ are sup- 
posed to owe the peculiar firmness and strength of their muscles, by 
which they are eiikbled to support the violent exertion of flying. 

This difference between birds and fish,- which may be considered 
as the two extremes of the scale of muscular strength, is well worth 
observing. Birds, residing constantly with the atmosphere, sur- 
rounded by oxygen, and respiring in greater proportions than any 
other species of animals, are endowed with a greater degree of mu9- 
cular strength, whilst the muscles offish, on the contrary, are flac- 
cid and oily ; these animals are comparatively feeble in their ino- 
iions, and their temperature is scarcely above (hat of the water ia 
which tliey live. Q'his is, in all probability, owing to their imper- 
fect respiration^ the quantity of hydrogen and carbon, that is in 
consequence accumulated in their bodies, forms the oil which 4s so 

* Animals belonging to the order Celae of Naturalists, tboBgfh 
they inhabit the sea, breathe, atmospheric air, and have hot, red 
blood. This order includes whales, dolphins, narwals, &c. — C. 



1427. Why are fish colder than land animals ? 

1428. How can they breathe under water ? 

1429. How can it be proved that fish cannot live without air? 

1430. What animal^ breathe the greatest quantity of air accord- 
ing to their size ? * , . 

1431. To what is the firmness and great strength of muscles in 
birds owing ? 

1432. To what is the oily nature of fish and amphibious aDimah 
owing ? 
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Mrongly charactertstic of that species of aoimals, and which relaxes 
and softens the small quantity of fibrine which their muscles contain* 

Caroline. But, Mrs. B., there are some species of birds that fre- 
quent both elements, asj ft>r instance, du<iks and olhet* waterfowl. 
Of what nature is tl>e flesh of these ? 

Jiirs, B, Such birds, in general, make but little use of their 
win^ ; if they fly, it is but feebly, and only to a shor^ distance. — 
Their flesh, too, partakes of theoily nature, and even in taste some- 
times resembles that of fish") This iis the case not only with the 
rarious kinds of water fowW( but with all other amphibious animals, 
as the otter, the crocodile, the lizard, &c. 

Caroline, And what^ the reason that reptiles are so deficient in 
-- muscular str^ngpiif ? 

•Mrs, B, >Tt is because they usually live under ground, and seldom 
come into the atmosphere. They have imperfect, and sometimes 
no discernible organs of respiration ; they partake, therefore, of the 
soft oily nature of fishV indeed many of them are amphibious, as 
^ frogs, toads, and snakes^ and very few of them find any difficulty in 
remaining a length of timetinder water.* Whilst, on the contrary, 
the insect tribe, that are so strong in proportion to their size, and 
alert in their motions, partake of thfe nature of birds, air being their 
peculiar element, and their organs of respiration being compara- 
tively larger than in other classes of animals. 

I have now given you a short account of the principal animal 
functions. However interesting the subject may appear to you, a 
fuller investigation of it would, I fear, lead us too far from our ob- 
ject. 

Emily, Yet I shall not quit it without much regret ; for of all the 
-applications of chemistry, these appear to me the most curious and 
most interesting. 

Caroline. But, Mrs. B., I must remind you that you promised to 
*jgive us some account of the nature of milh. 
■' Mrs. B. True. There are several other animal productbns that 
deserve likewise to' be mentioned. Wie shall begin with milk, 
which is certainly the most important and the most interesting of 
alljhe animal secretions. 

^ilk, like ail other animal substances, ultimately yields by analy- 
sts, oxygen, hydrogen, carbon, and nitrogen. These are combined 
in it under the forms of albumen, gelatine, oil, and water. But milk 
contains; besides, a considerable portion of phospbat of lime\ the 
purposes of which I have already pointed out. ^ 

^fimphibious atiitrials have the power of suspending respiration 
fbr aibonsiderable tin^ It is in consequence of this, that they are 
enabled to live under water. — C. 



f 433. What is the nature^of the flesh of amphibious animals ? 

1434. Why are reptiles so deficient in muscular strength ? 

1435. Hotd are arnphibiout animals enabled to remain a long lime 
under water ? 

1436. What are the ingredients of milk ? 

. 1437. Into what may milk be decomposed without siny chemiqal 
assistance ? r^ i 
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Caroline. Yes ; it is this salt- wbi<^ serves -to Dmirish the tender 
bones 0f the sucklingf. 

J^r* B. To reduce-milk to its elements, would be a very ooin- 
plicated« as weti^ as useless open^tion ; but this fluid, m ithout aoy 
chemical assistance, may be decomposed into three pa rts/^r^nh 
curds f and tckti/^ rTheie con^ituentt of milk hairebut-a yerv slight 
affinity for eachnorhef,andyoti find accordingly th^t cream separates 
from milk by mere standing. It consists chiefly of oil, which beiD|^ 
lighter iHan the other parts of themtik, gradually risesto thesar- 
face.| It is of this, you know, that butter is made, which is oothiog 
more thao^xygenated cream^ 

Caroliite^ Butter, then, is somewhat anajpgous to the waxy sub- 
stance formed by tbe^ oxygenation of vegetable i^||;: 

Mrs. B. Very much so. 

Emily. But is the cream oxygenated by churning ? 

Mrs. B. Its oxygenation commences* previous to churning* 
merely by standing exposed to the atmosphere, from which it ab-^ 
Mfbs oxygen. The ijrocess is afterwards completed by churning : 
^he riolent motion which this operation occasioosj brings erery par- , 
ticie of cream in contact with the atmosphere,, and thus facilitates 
its ox>genation^ 

Caroline. Buf the effect of churning, 1 have often observed in tha 
dairy, is to ^epai'ate the cream into two substances, butter and but- 
ter-milk. 

•/¥r*. B. That is to say, iti proportion as the oily particles of the 
cream become oxygenated, they separate from the other oonstitu- 
ent parts of the cream in the form of butter. So by churning yota 
produce, on the one hand; butter, or oxygenated oil ; and, on the 
other, butter^milk, or cream-deprived of oil. But if you make but- 
ter by churning new^ milk instead of cream, the butter-milk will 
then be exactly similar id its properties to cream or skimmed milk. 

Caroline. Tfet butler-milk is very different from commonidsun- 
medmilk. ' ■ ' 

JUrs. B. Because you know it is customary, in order to^avetune. 
and labor, to make butter from cream alone. In this ease, there* 
fore, the biitter-milt is deprived of tlic creamed raiik, which eontaias 
both the curd atid whey. Besides, in consequence of the milk re- 
maining exposed to the atmosphere during the separation of the 
ciream, the latter becomes more or less acid, as well as the butter- 
ratlk which it yields in churning. - 

Emily. Why should not the butter be equally acidtfled by oxyge-> 
nation ? -. - 

Mra.B. ^nimal oil is not so easily acidified as the other rngredi- 
entB of milfr. Butter, therefore, though usually made of sour cream» 
is not sour itself; because the oily part of the cream had not beeo 

* U is proper to mention that* the oxygenation of cream, which is 
taken for granted in the above theory, is a disputed fact.— C. 

1437. What causes the cream to rise on the top ? 
1488. What is the chemical name of butter? 
1439. Why does churning convert cred'm to butter? 
14401 When separation takes place ip the cream, why is tlie bo • 
ter-m4lk»8our and the cream sweet ? 
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acidified. y^uUerv liowerer, h susceptible of becomiBg acid by an 
excess ofA)xygen ; it is then said to be rancid, and produces tbe se- 
bacic acid, the same as that which is obtained irom fat} 

EmUjf, If that be the case, might Dot rancid butterfe sweetened 
by mixing with it some substance that would take the acid from it? 

Mrs. B. Tim idea has been -suggested by &ir H. Davy, who 
supposes, thamf rancid butter weue well washed in an alkaline so- 
lution^ the allrali would separate, the acid from the butter^^ 

Carotine. You saidjust now that creamed milk consiste^f of cUrd 
and whey. J?ray how are these separated ? . , 

Mrs. JB, ff hey may be separated by standing for a certain length 
of time exposed to the atmosphere ; but this decomposition may be 
almost instantaneously effected by the chemical agency of a variety 
of substances. / Alkalies, rennet,* aud indeed almost all animsil sub* 
stances, decompose milk by combining with the curds. 

Acids and spiritous liquors, on the other hand, produce a decom- 
position bv combining with the whey. In order, therefore, to ob- 
tain the whey pure^rennet or alkaline substances, must be used to 
attract the curds from i» . . 

But if it be wished .ta obtain the curds pure, (the whey must be 
separated by acids, wine, or other &piritous liqubrs.! 

Emilif. This is a very usefel piece of informa6on ; for 1 find 
white- wine whey, which i sometimes take when I have a cold^ ex- 
tremely heating; now, if the whey were separated by means of an 
alkali instead of wine, it would not prnluce that effect. 

Mrs. B* Perhaps not But I would strenuously advise you not 
to place too much reliance on your slight chemical knowledge in 
medical matters. 1 do not know why whey is not separated from 
curd by rennet, or by an alkali, for the purpose which you mention, 
but I strongly^ suspect that there must be some good reason why 
the preparation by means of wine is generally preferred. I qan, 
however, safely point out to you a method of obtaining whey with- 
out either alkali, rennet or wine ; it is by substituting lemon juice, 
a very small quantity of which will separate it frpm the curds. 

Whey, as an article of diet^is very wholesome/D^ing remarkably 
light of digestion^ But its effect, taken medie^matly, is chiefly, I 
b^Ueve, to excite fferspiration, by being drunk warm on going to bed. 
ff'rora whey a substance may be obtained in crystals by evapora- 
tion, called sugar of milk. This substance is sweet to the taste, 
and in its composition is so analogous to common sugar, that it is 
susceptible ot undergoing the vinous fermentation.^ 

tf - 

'^ K^t^net is the name given to a watery infusion oi the coats of 
the stomach of a sucking calf, its remarkable efficacy in promot- 
ing coagulation is supposed to depend on tbe gastric juice with 
which it is impregnated. 

1441. What causes butter to become rancid I 

1442. How xm^y rancid butter be made sweet? 

1443. How is milk from which tbe cream has been taken, decom- 
posed, or converted into curd or whey .»*- 

1444. How is pure whey obtained from milk ? 
1445: How is pure cnrd obtained from it .? 

1446. Why is whey as an article of diet, wholesome ? 

1447. How is the sugar of milk obtained ? . ^ j 
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CaroHne. Why then, is not wine, op alcohol, raad6 from whey ? 

Mrs. B, The quantity of sugar contained in milk is so trifling, 
that it can hardiy answer that purpose. I have heard of only one 
instance of its beings used for the production pf a spiritous liquor and 
this is by the Tartan Arabs : their. abundance of horses, as well as 
iheir scarcity of fruits, has introduced the fermentation of mares* 
milk, by which they produce a liquor called k&umiis. Whey is 
likewise susceptible of being' acidjfied by combining with oxygen 
from the atmosphere, ft then produces tb6 lactic acid, which yoi^ 
m^ recollect is classed with the animal acids, as the acid of milk* 

Let us now see what are the properties of curds. 

Emily, I know that they are made into cheese ; but liiare heard 
that for that purpose they are separated from the whey, by the ren- 
net, and yet, this you have just told us, is not the method of ob- 
taining pure, curds ? 

Mrt, B, (Nor are pure curds^so well adapted to th6 Totgiation of 
chees^ For the nature and flavor of the cheese dependnn a great 
measure, upon the cream or oily matter which is left irii tne curds ; 
so that if every particle of cream be removed from the curds, the 
cheese is scarcely eatabl^ Riqh cheeses, suqh as Cream and Stil- 
ton cheeses^erive their excellence from the quantity, as well ds 
the quality of the cream that enters into their composition. 

. Caroline. I had no idea that milk was such an , interesting com- 
pound. In many respects there appears to me to be a very striking 
analogy between milk and the contents of an egg, both in respect 
to their nature and their use^ They are, each of them, composed 
of the various substances necessary for the, nourishment of the 
young animal, and equally destined for that purpose^ 

Mrs, B. There is, however, a very essential difference. The 
young animal is formed as well as nourished, by the contents of the 
egg-sbejl ; whilst milk serves as nutriment to the suckling, only af- 
ter it is born, ' 

There are several peculiar animal substances which do not en- 
ter into the general enumeration of animal compounds, and whicb^ 
however, deserve to be mentjpned. 

Spermaceti is of this class ;(it is a kind of oily substance obtained 
from the head qf the whale, ip^hich, however, must undergo a cm** 
tain preparation before it is in a hi state to be made into candl^ 
It is not much more combustible than tallow, but it is pleasanterTo 
burn^ as it is less fqsible and less greasy. 

^mbergrU is another substance derivcid from a species of whale. 
It 18, however, seldom obtained from the animal itself, butisgener- 
allv found floating On the surface of the se^ 

QFax, you know, is a concrete oil, the pecJuliar product of the bee, 
part of the constituents of which may .probably be derived from 
flowers, but so prepared by the organs of the bee, .and so mixed 
with its own substance, as to be decidedly an aniroaLproduct. Bees* 
wax is naturally of a yellow color but it is bleached by long expo- 
sure to the atmosphere, or may'be instantly whitened by the oxy- 

— • ' i . I ■ • t t i I 

1448. Do pure curds make good cheese ? 
J449.0n what does the quantity of cheese depend .? 

1450. From what is spermaceti obtained ? 

1451. What is ambergris ? 

Digitized byV^OOQlC 



^ortadc acid. The combastion of wax is^far more perfect than 
that of tallow, and con&equently produces a greater quantity of lig^ht 
and heatj 

QLac isi substance very similar to wax In tbe niannerof hs fofm- 
afton ; it is the product of an insect, which collects its ingredients 
from flowers, apparently for tl)e purpose of protectingrts eggs from 
injury. It is formed into dfeils, fabricated with M^uch skill as 
those of IhjB honey comb, but differently arranged. ^The principal 
use of lac is in the manyfEtcture of sealing-wax, and in making var- 
oist)es and lacquer^ 

Qd\i<k^ civets ^nQ castor^ are other particular productions, from 
dincrent species of quadrupeds. The two first are very powerful 
perfumes ; the latter has a nauseous smell and taste, and is only 
used medicinally) 

Caroline* Is ir from this substance that castor oil is obtained ? 

Mrs, i?. No. Far from it, for castor oil is a vegetable oil, ex- 
pressed from the seeds of a particular plant ; and has not the least 
resemblance to the medicinal substance obtained from the castor. 
^ilk is a peculiar secretion of the silk worm, with which it.buitd» 
iS^est or cocoon. This insect was origiqally brought to Europe 
from China^ Silk in its chemical nature, is very similar to tne 
hair and ^ol of animals ; whilst in the insect it is a fluicJ, which is 
coagulated, apparently by uniting with oxygen as soon as it comes 
in coiitact with the air. ' The moth of the si Ik- worm ejects a liquor 
which appears to contain a peculiar acid, called bombiCf the pjroper- 
ties of which are but very little known. 

Emily. Before we conclude the subject of ihe animal economy, 
shall we^ not learn by what steps dead animals return to their ele- 
mentary state? 

Mrs. B. Anim»l matter, although the most complicated of all 
datural substances, returns to its elementary state by one single 
spontaneous process,(the putrid ferme7iiatiom By this, the albu- 
men, fibrine, &c. are slowly reduced to the state of oxygen", hydro- 
gen, nitrogen and carbon ; and thus the circle of changes through 
which rtiese principles have passed is finally completed. They first 
quilted their elementary form, or their combinatimi with unorgan- 
ized matter, to enter into the vegetable system. Hence they were 
transmitted to the animal kingdom ; and from this they return again 
to their primitive simplicity, sobn to re-enter the sphere of organ- 
ized existence. ^ 

When all the circumstances necessary to produce fermentation 
do not take place, animal, like vegetable' matter, is liable to a par- 
tial or imperfect decomposition, which converts it into a combusti- 
ble substance very like spermaceti. I dare say that Caroline, who 
- i^ so fond of analogies, will C.onsidef this a kind of animal bitumen. 

Caroline. And why should 1 not, since the processes which pra- 
dqce these substances are so similar? 

J^lrs. B. There is, however, one considerable difference; the state 
of bitumen seems permanent, whilst that of animal substances, thus 
imperfectly decomposed, is only transient ; and unless precautions 
be taken to preserve thetn in that state, a total dissolution infallibly 

1452. How does wax compare with tallow for combustion ? 

1453. Whatislae? , ^ 

1454. What account conld yoii give of silk .? 

145d. How does dead animal matter return to its original state ? 
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ensues. This cirfcumstance, of the occasional odnvertkm of animal 
matter into a kind of spermaceti, is of Tate discovery. ^ manufac- 
ture has in consequence been established near Bristpl,TB which, bj 
exposing the carcasses oT horses and ojher animals for a length of 
time under water, the muscular parts are converted into this sper- 
maceti^ike ifbstanceJ The bones afterwards undergo a different 
process to prepuce h^shorn, or; more'properlj ammonia, and phos- 
phorus J and *e skin is prepared for leather. , 

Thus art contrives to enlarge the sphere of useful purposes, for 
which the elements were intended by nature,; and the productions 
of the several kingdoms are frequently arrested in their course, and 
T^riously modified, by human skill, which compels them to contri- 
bute, under new form's, to the necessitiies or luxuries of man. 

But all that we enjoy, whether produced by the spontaneous ope- 
rations of naturie or the ingenious eiForts of arl, proceed alike from 
the goodness of Providence.— To God alone man owes the admira- 
ble faculties which enable him to improve and modify the produc- 
tions of nature, no less than those productions themselves. In con- 
templating the works of the creation, or studying the inventions of 
art, let us, thererefore, never forget the Divine Source from wliich 
they proceed ; and thus every acquisition of knowledge will pr^xve 
a lesson, of piety and virtue. 



Di:SCBII^lON Ot THE APHLOGISTiC, «K FtAXEI^ESS 
' LAMP. 

'BY DR. J. L. CJOMSTOCK, OF HARfFORD. 



Aphlogistic, or ^laihelefiB Lamp. 




" In the con- 
struction of thia 
Lamp, the ob- 
ject is^ to keep a 
coil of ivire in a 
state of ignition, 
' without ieither 
flame or smoke. 
The principle 
' oti which it is 
constructed, I 
believe, was first 
discovered by 
Sir H. DaFy. 
He found that 
on heating the 
end of a pi^ce 6t 
pJalinawire red 
hbt^ and in6taQt<» 



Fif. 1. A. T*rt Coil of PlttiB* wire. B. Th« J-lwi tube coaUi«|njf the jy . boldiug it 
miok. Fi^. 2. Tbe LjLinp complete., 1>. The tMbe for ohwrinf. near-thcSWrfaC© 



1466. What manufticture is it mentioned hfis recently been form- 
ed in Bristol i*^ ' ^ • 
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of tome ether, placed in a wine glass, the wire was kept at a red 
beat as long as the experiment was continued. 
' Whether Sir Humphrey pursued the subject any further, 1 am 
not infor^ned. It is most probable, however, that he did not, as it 
is slated in a London paper of the last year, that Prof. Ure of Glas- 
gow, had determined the circumstances which modify the perform- 
aoceof thelamp, andthat one constructed by himwas in full operar 
tion in that city (London) and had excited much pubh'c curiosity. 
This notice contained some directions, concerning thiesize of the 
jwire, to be used, and the manner of coiling it. I have however seen 
no description of this lamp wiiich would enable one readily to con- 
struct it. The following may therefore, interest such readers, as 
have seen an account of so curious a discovery. 

The principle on which the aphlogisiic lamp is constructed in* 
volves two conditions, which are absmule|y requisite, viz. that we 
make use of a combustible substance which evaporates at a Iqw de- 
gree of heat, and a metal which is a bad conductor of caloric. For 
th,e combustible, alcohol seems best suited to this purpose. Sulphu- 
riceth cr, awde from its high price, and disagreeable smell, I have 
sometimes found to fail ; the ignition ceasing without any obvious 
cause. . ^ 

In regard to the metal, gold and silver, both fail in consequence 
of the rapidity with which they conduct caloric. Silver, tod, would 
sooa be destroyed by the in tense heat. Iron, although so bad a con- 
ductor, as to remain ignited for a time, soon fails, being converted 
into red oxide. Platina seems to 'be th6 only metal adapted to our 
. purpose, being a slow conductor of caloric, and not easily oxidated 
at the highest temperatures. 

This is to be drawn into wire of 56-1000 or 60-1000 of ian inch in 
diameter, being about the size of card, or brass wire. No.- 26. Ex- 
perience has slMJwn that this size succeeds better than any other. — 
If larger, the heat is carried off too fast,and the ignition ceases. If 
much finer, it does not retain sufl&cient heat at the lower part of the 
coil to keep up the evaporation of the alcohol from the wick. 

The coihng of t^e wire, and the adjustment of the wick, are the 
most difficult parts of the construction. 

The coil, A. ^g. 1. page 322, is made by winding the wire round 
a piece of wood, cut of the proper size and shape. The size is de- 
termined by the bore of the glass tube, allowing for the diameter of 
the wire. The shape is plane cylindriciil in that part which enters 
the tube ; and slightly conical where it projects above the ttibe, as 
/seen in the figure. (I believe this is the best shape, though I have 
succeeded as well when the coil was of the same^bape throughout.) 

In winding the coil, it is best that the turns of the -wireshoula 
come in contact. Afterwards it is to *be gently extended, so as to 
leave the turns as nearly as possible to each other, without touching. 
.. The diameter of the coil is about one sixth of an inch where it en* 
ters the tiibe. ' Its length half an ineh, or a little less, containing 
from twenty to thirty turns of the wire. The projection abote the 
tube is about' one half the length. 

B.'Fig.'l. is a glass tube* t>ootaining a cotton wick^^bich by ca-* 
pillary attraction carries the 'alcohol up to the platina coih The 
Jength of this is arbitrary, being from one to three or fourinches.-— 
The bore is about the sixth of an inch, so as barely to admit the coik 
"^he wick, consisting of eight or ten threads,' is first drawn througb ' 
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tbe tube/ andtben introduced about bait way into tbe ootl, so as (a 
come even with 'le top of tbe tube* This requires very nice adjust- 
ment. If the wick is too tiig^b the wire is rapidly cooled by the al' 
cobol, and ignition cea?es in a few moments. -If too low, the evap- 
oration by the heat of tbe \vire is insufficient. If^ however, the 
other parts are well constructed, a few trials wiM ensure success. 

Fig. 2. sbovTS the lamp compete. The body' of it is a low vial or 
inkstand r capable of holding about two- ounces of alcohol. It is 
stopped accurntely wilh a cork, which is covered for ornament, 
with tin foil. The aperture for admitting the tube and wick, is^made 
with a hot iron. . 

D. is a smair tube through which the alcohol is poured. A drcpr 
ping tube .is convenient for ibis purpose, but a small funnel is easily 
made by cutting off aji inch of the neck of. a broken retort, into 
which is pushed a cork, and through this a small quill. Another, 
orifice stifl, for letting off the air> as the alcohol goes in, may be 
made through the cork. The orifices, of course, are to be stopped, 
to prevent evaporation, after tbe lamp b chargfed. 

When the lamp is completed and charged, the alcohol is inflamed 
by holding the coil in the blaze of a candle. After letting it burn for 
a few minutes, the flame is blown out, wlien if every thing is properly 
adjosted, the wire will continue red hot until this alcohol is exhausted. 

The explanation ivh}' the ignition of the wire is permanent, Seems 
to be sufl&ciently simple. Alcol»el, when in the state of vapour, coo^ 
bines with oxygen ^ith great facilit^v. The temperature of the wire 
is first raised by the dan>e of the candleJo about 600 degrees, Fah- 
renheit^' This degree'of heat is such as to effect the combustion of 
the alcohol with the oxygen of tbe • atmosphere. When this is once 
effected, the caloric extricated by the oombustion of tbe alcohol, is 
snfficfent to keep the coil at a red heat, which again is the tempera- 
tare at which the alcohol is combustible, so that one portion of alco-' 
hoi by the absorption of oxygen, and tliO consequent extrication of 
beat, lays the foundation for the combustion of another portion; and 
as the aLlc()hol rises in a constant stream,, so the effect b constant. 
The stre:ira of vapour is much increased by the heat of tbe lower- 
part of the coil, where k embraces the wick, and the temperatun^ 
of the alcol>ol is inoreascd before it reached the part of the coil 
,wbere combustion is effected. Sometimes tbe last, or upper tarn of 
ibe wire only is kept red hot. 

This lamp, though one of tbe most curious inventions of tire dge, 
is not merely a curiosity. The facility and certainty with.whkh by 
means of a match, a vlight maybe obtained from it,, constitutes its 
utility. The proper matches for this purpose are prepared by dtp* 
ping the common brimstone matcbes into a ps^te made by mixing 
two parts of white sugar with one part of chlorate (oxy muriat) 3t 
potash. The red^FreD<?h matcbes are of this kind, and answer tbe 
purpose completely. 

In cases where a light migbt be^anted, but a constant one would 

'^be offensive, this lampmigbt be a great convenience \ a light being 

immediately obtained by merely touching a match to the plalina 

odii, .and then to the wick of the candle. Physicians or others whe 

are liable to be called up in the night would also find- it convenieiif. 

The apblogistic lamp, with the proper matches, may he obtained 
,ftt Mr. Charles. Hosraer'syanety Store,in this City. 
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A. 

Acetates. Compounds formed by the combination of a base with acetic acid. 

Adds. Compoauds formed by the combination of oxygen with certain el^ 
mentary bodies, formmg in general, a class of substances which are sour 
to the taste, and which unite with alkalies and metallic oxyds to form salts. 

^cidules. Substances formed by the natural combination of some acids 
with a quantity of potash. 1 he oxalic and tartaric acids are examples. 

^«r(/br}n fluids. Elastic fluids. Atmospheric air, and the gases are of this 
kind. Their aeriform state is owing to the caloric with which their bates 
are combined. 

Affinity y chemical. A term used lo express that peculiar propensity which, 
substances of different kinds have to unite with each other, as acids and 
alkalies, &c. 

' qf aggregation. That force is so called by which substances of tb« 

lame kind tend to unite, without changing tbeif qualities. 

of composition. That force by wnich substances of different kinds 

combine, and fbrm a third, which differs from either of the two first, be- 
fore the combination. Thus muriatic acid and soda form common salt. 

Albumen. Coagblable Ivmph. It is contained in animal substances, as tb« 
serum of the blood. iThe white of eggs is aH>umen. 

Alcohol. Rectified spirit of wme. It is always the same^ from whatever 
kind of spirit it is distilled. 

AUcaUes. . Peculiar substances which have a caurtic burning taste, and a 
strong tendency to combination, particularly, with acids, and with water. 

Alloys. A combination of any two metals, except mercury. Brass is aa 
alloy of copper and zinc. 

ApfuUgam, A mixture of mercury with any other metal. 

Analysis. Separation of the constituent parts of compounds, for the pur- 
pose of detecting their composition. This is done by re-agents. 

Annealtng. Rendering substances tough, which before were brittle. Tkt 
metals are annealed by heating them red hot, and then cooling them 
gradually. 

Arseniates. Salts formed by the combination of a basd with the arsenic acid . 

Ascote. This name is given by the French chemists to nitrogen, which see. 

B. 

balsams. Resinous, semi-fTuict substances, which are obtained from certain . 

trees by making incisions. 
Sarometer, An mstniment which indicates the variations of the prd^sur« 
« of the atmosphere^ as thermometers do of heat and cold. 
. Base. A term used by chemists to denote the substance to which an acid 

is anited to form a salt. Thus soda is the base of common salt. 
-Bnuroofsf. Salts formed by the union of the benzoic acid with a base. 
BUne-pipe. An instrument to increase and direct the flame of a lamp for 

the analysis of minerals, and for other chemical purposes. 
Borates. Salts formed by the combination of any base with theacid of borax. 

^^■^eotit. A chemical term fonnerly applied to describe cJulk, marble 
and all other combiaatioiM of line witb ooibeiiic aqid. ^^y GooqIc 
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Calcination, The application of heat to saline, metallic, or other snbstan- 
ces ; so regulated as to deprive them of moisture, &c. and yet preserve 
them in a pulverulent form. 

Caloric. The chemical tern for the nalter of fieat. 

free. Is caloric in a separate state, or, if attached to other sosbtan- 

ces, not chemically united with them. 

'— latent. Is the term made use of to express that portion of caloric 
which is chemically united to any substance, so as to become a part of 
the said ^ubetance. 

Calorimeter. A<n instrument for 4MeertatniBg the quantity #f caloric disen- 
gaged from any substance that may be the object of experiment. 

Calx. An old term made use of to describe a metallic oxide. 

Camphoraieg. Salts formed by the combination of any base with the cam- 
phoric acid. 

Caprillary. A term usually applied to the rise of sap in Tegetables, or the 
rise of any fluid in very^small tubes ; owing to a peculiar kind of attrac- 
tion, called capillary attraction. 

Carbon. The basis of charcoal. 

Oarhonaies. Salts formed by the combination of any base with carbonic acid. 

Carburets. Compound substances, of which carbon forms one of the con- 
stituent parts. Thus plumbago, which is composed of carbon and iron, 
is called carburet of iron. 

Causticity. That quality in certain substances by which they burn or cor- 
rode animal bodies to which they are applied^ It is best explained by the 
iloctrine of vchemical affinity. 

Chalybeate. A term descriptive of those mineral waters which are iropr^- 
nated with iron. 

Charcoal. Wood burnt in close vessels : it is an oxide of carbon, and gen- 
erally contains a small portion of salts and earth. Us carbonaceous mat- 
ter may be converted, by combustion into carbonic acid gad. 

Chlorine. A name lately given to the substance usually called oxy-mariatic 
acid. Its compounds are called by the name of their bases with.the end- 
ing of one. As phosphorane, sulphurane, &c. * 

Chromatet. Salts formed by the combinatioyi of any base with the chromic 
acid. 

Citrates. Salts formed by the combination of any base with citric acid. 

Coal. A term applied to the residuum of ai^ dry distillation of animal or 
Vegetable matters. 

Cohesion. A force inherent in all the particles of all substances, excepting 
light and caloric, which prevents bodies, from falling in, pieces. 

Mtmbades. Salts formed by the combination of any base with the coUun- 
bic acid. 

CtmbintUion, A term expressive of a true <^iemcai union -of t«(0 or iwit0 
substances ; in opposition.to.merefflechanical mixture. 

Combustibles. Certain substances which are capable of combiniI^' more or 
less rapiifly with ox^Egen. They are divided by chemistfl into ain^le w^ 
compound ^mbustitues. 

Combustion. The act of absorption of oxygen by combustible bodies from 
atmospheric or vital air. The word decombuition is sometimes usc^.bj 
the French writers to signify the opposite operation. 

Crucibles. Vessels of indispensable use in chemistry m the various opef^- 
tions effusion by heat. They are made of baked eaitbi or metal, in the 
form of aa inverted cone. 

Crystallization. An operation of nature, in which various earths, sdtf, 
and metallic substances, pacs from a fluid to a solid state, assuming c^- 
tain determinate geometrical figures. 

Crystallization, water of. That portion v^hi6h is combined with tflta in tbe- 
act of cryatalliziiig, and becomes a component part of the said nliBe t^b- 
stances. 

Qupel. A vessel made of calcined bones, mixed with a snail proportion of 

. clay and water. Jt is used whenever geld and silver are'renned, hj mrit- 
ing them with left<?. TlMpraceMisoidledcwpaUttioB^ j 
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D. . ' 

Decomposition. The separation of the constituent principles of compouBd 
bodies by chemical means. 

D^agration. The vivid combustion that is produced whenever nitre, mix- 
ed with an inflammable substance, is exposed to a red heat. It may be at- 
tributed to the extrication of oxygen from the nitre, and its being trans- 
ferred to the inflammable body ; as any of the nitrates or oxygenized mu- 
riates will produce the same eflfect. 

Deliquescence of solid saline bodies^ signifies their becoming moist, or liquid, 
by means of water which they absorb from the atmosphere in consequence 
of their great attrcMStions for that fluid. 

Deoxidize, (formerly deoxidate.) To deprive a body of oxygen. 

Deoxidizement. A term made use of to express that operation by which one 
substance deprives another substance of its oxygen. It is called unburn- 
ing a body, by the French chemists. 

Detonation. An explosion with noise. It is most commonly applied to the 
explosion of nitre, when thrown upon heated charcoal. 

Digestion. The effect produced by the continued soaking of a solid sub- 
stance in a liquid, with the application of heat. 

Digester J Papih's. An apparatus for reducing animal or vegetable substan- 
ces to a pulp or jelly cxpeditiouslv. 

DistUlaiion. A process for separ aiing the volatile parts of a substance fW>m 
the more fixed, and preserving them both in a state of separation. 

Ductility. A quality of certain bodies, in consequence of which they may 
be drawn out to a certain length, without fracture. 

Dulcijication. The combination of mineral acids with alcohol. Thus we 
have dulcified spirit of nitre, dulcified spirit of vitriol, &.c. 

£. 

Edulcoraiion, Expressive of the purification of a substance by washing with 
water. 

Effervescence. An intestine motion which takes place in certain bodies, oc- 
casioned by the sudden escape of a gaseous substance. 

Efflorescence, A term commonly applied to those saline crystals which be- 
come pulverulent on exposure to the air, in consequence of the loss of a 
part of the water of crystallization. 

Elasticity. A force in bodies, by which they endeavour to restore themsolves 
to the Dosture from whence they were displaced by an external force. 

. Elastic Jluids. A name sometimes given to vapours and gases. Vapour is 
called an elastic fluid*; gas, a permanently elastic fluid. 

Elective Attractions, A term used by Bergmann and others to designate 
what we now express by the words chemical affinity. When chemists 
first observed the power which one compound substance has to decompose 
another, it ^ was imagined that the minute particles of some bodies had a 
pf eference for some other particular bodies ; hence this property of mat- 
ter acquired the term elective attraction. 

Elements. The simple, constituent parts of bodies which are incapable of 
decomposition ; the;^ are frequently called principles. 

Empyreuma. A peculiar and indeticribably disagreeable smell, arising from 
the burning of animal and vegetable matter in close vessels. 

Ethers. Volatile liquids Ibrmed by the distillation of some of the acids with 
alcohcl. 

Evaporation. The conversion of fluids into vapour by heat. This appears 
to be nothing more than a gradual solution of the aqueous particles in at- 
mospheric air, owing to the chemical attraction of the latter for water. 

Eudiometer. An instrument invented by Dr. Priestley for determining the 
purity of an^ given portion of atmospheric air. The science of investiga- 
ting the difiereut kinds of gases is called eudiometry. 

F. 

Fsrmeniaium, A peealiar spontaneous motion which takes place in all ve||e- 
table matter, wnen exposed for a certain time to a*prop£c degree of tem- 
perature. Digitized by Vj' 
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Mbrine. That «rbite fibipus subatance which is left tiler fireely washing the 
coagulumofthe blood, and which chiefly composes the muscular fibre. 

fltmeri. In chemical language, are solid, dry substances, reduced to apow- 
der by sublimation. Thus we have flowers of arsenic, sal. ammoniac, of 
sulphur, 9lc. which are arsenic, sal. ammoniac, and sulphur, unaltered ex- 
cept in appearance. 

Ftuates. Salts formed by the combination of any base with fluoric acid. 

Fluidity. X term applied to all liquid substances. Solids are converted to 
fluids by combining with a certain portion of caloric. 

f^ux. A substance which is mixed with metallic ore, or dther bodies, to 
prdmote their fusion ; as an alkali is mixed with silex in order to form glass. 

Fulmtnation. Thundering, or explosion with noise. We have fulminating 
silver, fulminating gold, and other fulminating pdwders, which explode 
with a loud report by friction, or when slightly heated. 

Tusion. The stale of a body which was solid m the temperature of the at- 
mosphere, and is now rendered fluid by the artificial application of heat. 
Cr 

OeUUttes. Stdts formed by the combination of any base with gallic acid. 

Galvanism. A new science which offers a variety of phenomena, resulting 
from diflferent conductors of electricity placed ^in different circumstances 
of contact; particularly the nerves of the animal body. 

Gas. Ail solid substances when converted into permanently elastic fluids by 
caloric, are called gases. 

Gaseous. Having the nature and properties of sas. . 

Gasometer^ A name given to a variety of utensils and apparatus contrived to 
measure, collect, preserve, or mix the different gases. An apparatus of this 
kind is also used for the purpose of administering pneumatic medicines. 
Gelatine. A chemical term for animal jelly. It exists particularly in the ten- 
dons and the skin of animals. 

Whiten. A vegetable substance somewhat similar to animal eelatine. It is 
the gluten of wheat flour which gives it the prope.-iy of^ making good 
bread, and adhesive paste. Other grain contains a much less quantity of 
this nutritious substance. 
<rrain. The smallest weight made use of by chemical writers. Twenty grains 
snake a scruple: 3 scruples a drachm ; 8 drachms, or 480 grains make an 
ounce ; 12 ounces, or 5760 grains, a pound troy. The avoirdupois ^ound 
contains 7000 grains. 

Granulation. The operation of pouring a melled metal into water, in order 
to divide it into small particles for chemical purposes. Tin is thus granu- 
lated by. the dyers before it is dissolved in the proper acid. 
"Gravity f specific. This differs from absolute gravity in as much as it is the 
weight of a given measure of any solid or fluid body, compared with the 
same measure of distilled water. It is generally expressed by decimals. 
'Gums. Mucilaginous exudations from certain trees. Gum consists of lime, 
carbon, oxygen, hydrogen, and nitrogen, with a little phosphoric acid. 

Heat^ matter of. See Caloric. 

Jlermetically. A term applied to the closing of the orifice of a glass tuT)e, «o 
as to render it air-tight. Hermes, or Mercury, was formerly supposed to 
have been the inventor of Chemistry ; hence a tube which was closed for 
chemical purposes, was said to be Hermetically or chemically sealed. It 
is usually done by melting the end of the tube by means of a blowpipe. 

Hydrogen. A simple substance ; one of the constituent parts of water. 

gas. Solid hydrogen united with a large portion of caloric. It is 

•the lightest of all the known gases. Hence it is used to inflate ballooasi 
It was formerly callec| inflammable air. 

Hydro-Carbonates Combinations of carbon with hydrogen are described by 
this term. Hydro-carbonute gas is procured from moistened charcoal by- 
distillation. 

Bydrogenized mlphyrets. Certain bases combined with siflphurcttcd liydp©- 

Hydro-Oxidet. MeUllio oxides combined vith^gfyj,yGoOQle 



or cacMiejL hbrms. 

Mfydrometeff^. fostniments for aeeertainisg the ipeeiflv gravity of spirilOttf 

lioaors or other fltrids. 
JBy^ometert. Instnimeuts for aseertaioing the degree of meiBtot^ in at- 

mospherie air. 
Hyfcroxyffenixed. A terra afpplied to subttancet which are combined with 

the largc^ possible qiiafiti^ oif oxygen. We have muriatio acid, oxygoDi- 

zed muriatic acid, and hyperoxygenized muriatic acid. The latter can 

be exhibited only in combination. 

I. * 

J^/iamnaiion. A pheViomenon which takes place on mixing certain sub- 
stances. The mixture of oil of turpentine with strong nitrous acid is an 
instance of this peculiar chemical enect 

Infuuon, A,8imple operation to procure the salts, juices, and other Tirtoes 
of vegetables by means of water. 

Intermediates. A term made use of when speaking of chemical aflSoity. Oil , 
for example, has no affinity for water, unless it be previously combined 
with an alkali , it then becomes soap, and the alkali is said to be the tn^er- 
mcdinm which occasions the union. 

K. ' . 

JOaH, A genus of marine plants which is burnt to procure minerkl alkal i 
by afterwards lixiviating the ashes. 

L. 

Jjoboratory, A room fitted up with apparatus for the performance of chem- 
ical operations. 

Jj€iciate8, Salts formed by the combination of any base with lactic acid. 

Ixikeft. Certain colours made by combining the colouring matter of cochineal 
or of certain vegetables, with pure aluniine, on with oxide of tin, zinc, &c, 

Xofnp, Argand'i. A kind of lamp much used for chemical experiments. It 
is made on the principle of a wind furnace, and thus produces a great de- 
gree of light and heat without smoked 

.Zieni. A glass, convex #i both sides, for concentrating the rays of the tan. 
It is employed by chemists in fusing rcfractorjr snbstances which eaniMt 
be operated on by an ordinary degree of heat. 

Xtevigation. The grinding down of hard substances to an impalpable pow- 
der on a stone with a Muller, or in a mill adapted to the purpose. 

UUharge. An oxide of lead which appears in a state of vitrification. It is 
formed in Uie process dT separating silver from lead. 

Lixiviation, The solution of an alkali or a salt in water, or in some other 
fluid, in order to form a lixivium. 

Lixivium. A fluid impregnated with an alkaM or with a salt. 

Lute, A composition foreclosing. the junctures of chemical vessels to pre- 
vent the escape of gas or vapoiir>in distillation. 

M. 

Mitcer^on. The steeping of a 'Sdlid body in a fluid, in order to soften it, 

without iropregnating'the fluid. 
Malates. Salts formed by the oombination'of any base with malic icid. 
MaUeability. That property of mctats which gives them the capacity of 

being extended and flattened by hammering. It is probably occasioned 

by latent caloric. 
Mauicot, A name ^ven to the yeilov oxide of lead, as minium is api)lte«1 

10 the rsif oxide. 
Matratt. Another name for a bolt-head. 
Mnutnmm, The'floid in which a »ofiJ body is dissolved. Thus water is a 

menstruum for salts, gums. Sec. and spirit of wine for resins. 
Metallic Oxide9. Metals combined with oxygen. By this process they are 

generally reduced lo a pulverulent form ; are changed fi-om combustible to 

incombustible substances ; and receive the p»i»erty of beinir soluble in 
. acids. 
Mnerai, Any natural substance of a metallic, eartljy, or saline nature 

•whether siooiile or compound, is deemed a- mineral: 

^* Digitized by Google 
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•MineraUxen, Those sobstanees which are oombined .vilh metabin Uieir 
ores ; such are sulphur, arsenic, oxygen, cai'bonic aeid, ke. 

Mneralogv. The science of fossils and roioerals. % 

Mineral Watera. Waters which hoUl ^me meul, earth, or salt, in adla- 
iioo. They are frequently termed Medicinal Waters. 

Molybdiate: Salts formed by the combination of any base with the moiyb- 
didaoid. 

Mordants. Substances which have a chemical affinity for particular col- 
ours; they are employed by dversas a bond to unite the colour with the 
cloth intended to be dyed. Alum is of this cImss. 

JduciUi^e. A glutinous matter obtained from vegetables, transparent and 
^steless, soluble in water, but not in spidt of wine. It chiefly consists of 

, xarbon and hydrogen, with a little oxygen. 

•MunlteB. Salts fornieil by the combination of any base with the mucous acid. 

Muffle. A semi-cylRidrical utensil, resembling the tilt of a boat, made of 
baked clay ; its use is that of a cover to cupels in the assay furnace, to 
. prevent the charcoal from falling upon the metal, or whatever is the sub* 
ject of experiment 

•Mwiates. Salts formed by the combination of any base with muriatic acid. 

. * N. 

Matron. One of the names for mineral alkali, or soda. 

Jfeutralize. When two or more substances mutually di^ise each other's 

properties, they are said to neutralize one another. 
^utraX Salt. A substance formed h\ the union of an acid with an alkali, 
- an earth, or a metallic oxide, in such proportions as to saturate both the 

base and the i cid. 
^trates. Salts formed by the combination of any base with nitric acid. 
*JVitro^^en. A simple substance, by the French chemists called azote. It 

enters into a variety of compounds, and forms more than three .parts in 

four of atmospheric air. O. 

Akhrea. Various combinations of the earths with uplde, or carbonate of iron. 
■Ores. Metallic earths, which frequently contaiiTseveral extraneous mat* 

ters ; such as sulphur, ai*senic, &c, ^ 
Oxaiatee. Salts formed by the combination of any base with oxalic acUl. 
'Oxide. Any substan6e'combined with oxygen, in a proportion not sufficient 

to produce acidity. 
Oxidize. To combine ox};gen with a body without producing acidi^r. 
-Oxidizement The operation by which any substance is combined with oi- 

ygen, in a degree not sufficient to produce acidity. 
^<kcygen. A simple subsunce composing the gi^eatest part of water, and 

part of atmospheric air. 

ffa». Oxygen coivvortetl to a ^;a8cous state liy calorie. It is also 

called vital air. It forms nearly one tour^h of atmospheric air. 
Oxtfg-enixe. I'o acidify a subsunce by oxygen. Synonymous with ozjgen<» 

ate ; but the former is the better term. 1 

Oxy^rdzemenU The production of acidity by Oxygen. 

"* • -* 

P^Hcle. A thin skin which forms on the surfiice of salineaolntioDS and oth- 
er liquors, when boiled down to a certain strength. 
JPhloffiaton. An old chemical name for an imaginary sobatanee, supposed to 

be a combination of fire with some other matter, and a constftuentpart of 

all inflammable bodies, and of many other substances. 
/nosphates.- Salu formed by the oombinatkm of any base withphMphorie 

acid. 
^Phosphites. Suits formed by the combination of any base with phosphorQas 

acid. 
Phosphurets. Substances formed by an onion^with phosphorus. Thos we 

have pliosphuret of lime, phosphuretted hydrogen, &c. 
Plumbago. Carburet of iron, or the iblatklead-oX wmmeret. 
Pneumatic. Any thing relatrnj^ to t*ie airs and gasses. 
trjygh. A vessel filled in part with water or mercury, for the pw^ 
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pose-of •colteetmg gases, to that tliey may be readily remoTed from Me 
vessel lo another. 

Precipitate, An) matter which, having been dissolved in a fluid, falls to 
the bottom of the vessel, on the addition of some other substance capable 
of producing a decomposition of the compound, in consequenceof^its at- 
traction either for the menstruum or for the matter which was before 
held in solution. 

Precipitation That chemical process by which bodies dissolved, mixed, 
or suspended in a fluid, are separated from that fluid, and made 4s gravi- 
tate to the bottom of the vessel. 

PrusHaies, Salts formed by the cdmbination of any base with prussic acid. 

Putrefaction. The last fermentative process of nature, by which organized 
bo<lies are decompesed so as lo separate their principles, for the purpose 
of reuniting them by future attractions, in the production of new compo- 
sitions. 

Pyrites, An abundant mineral fo«md on the English coasts, and elsewhere. 
Some ai'e sulphnrets of iron, and othera sulphurets of copper, with a por- 
taoa»of alumine and «ilex. The former are worked for the sake of the suU 
phur, and the lattet* for sulphur and copper. They are also called Mar- 
casites and Fire-stone. 

■ - ■- martial. That species of pyrites whie^^ntains iron for its 1>a8is. 
See a full account of these minerals in Henckll*« Pyritologia. 

Pyrometer. An instrument invented by Mr. Wedgwood for ascertaining 
the degrees of heat in fumacee andintense fires. See Philosophical -tran- 
sactions, «rol. Jxii. and Ixiv. and Chemical Caiecb. 

Pyrophori. Ck>mpound substances whieh heat of themselves, and tak^ fire oa 
the admission of atmospheric air. See an account of a variety of experi- 
ments with these compositions in Wiegleb^s Chemistry, quarto, p. Q^lQ^-kc. 

Q. 

Qttartz. A name given to a variety of silieeous earths, mixed with a small 
portion of lime or alumine. Mr. Kirwan confines the term to the purer 
kind of silex. Ruck cr^'stal and the amethyst are species of quartz. 

R. 

Jiadhala. A chemical term for the Elements of bodies ; which see. 

— — cofhpotmd. When the base of an acid is composed of two or more 
substances, it is said that the acid is formed of a compound radical. THe 
iulphurio acid is formed with a simple radical ; but the vegetable acids, 
^hich haire radicals oon\posed of hydrogen -and carbon, are said to be aeidt 
with compound radicals. 

Reagents. ' Substance^whicli are added to mineral waters or other liquids 
as tests to discover their nature and composition. 

Meeeiv&rs. Globular ^lass vessels adapted to retorts for the purpose of pre- 
serving and condensing the volatile matter raised in distillation. 

FtecHficaiionfis nothing more'than the re-distillingaliquid to render It more 
pure, or more concentrated, by abstraetine a part Of it only. 

Reduction . The restoration of metallic oxides to their original state of me- 
tals ; which is usually effected "by means ot charcoail and fluxes. 

Refining. The process of separating the peifeet melals from other metallit 
stJbAknces by what is called oupdiation. 

ReJrigea*atoiry. A contrivance of any kind, swhidi, by containing cold water, 
answers .the purpose of icondensing the ?ri^our or gas that arises'm distil- 
lation. X worm-tub is a refrigeratory. 

Reguhts. In its chemical acceptation, signifies a pure laetallie substance, 
treed from all extraneous matters. 

Reptilsion. A principle whereby the particles of bodies are prevented from 
coming in actual contact. It is thought to be owing to caloric, which has 
been called the repulsive power. 

Resins. Vegetable juices concreted by evaporation either spontaneously or 
by fire. Their character is solubility in alcohol, and not in water. It seems 
that they owe their solidity chiefly to their union with oxygen. 

Metort. A vessel in the shape of a pear, with its neck beat £>wnwards, vat 



3S2 A YOOAB0I«ARr 

4*d in dMnatkm ; (he extretnitj of whick neek filt idto thit flf anotber 

bottle called a receiver. 
Jioek-crysttU: Cryttalliaed silez. S« 

Saecholate9. Salts formed by the combination of anj bate with atecbolae* 

tie acid. 

SaUfiable batet. All the metals, alkali<>8, and earths, which are aapable of 

eombining with acids, and forming salts, are called salifiable bases. 
Saline. Partaking of the nroperties of salt 
StUit, neutral A 'class or substances formed hy (he combination to satora*' 

tion of an acid with an alkali, an earth, or other salifiable base. 
.1 triple. Sal:s formed by the combination of an acid with two bases or 

•Iradicals. The tartrate of soda and potass (Roehelle salt) is an insUnce 

of.thiskind of comli^ination. 
Saponaceout. A term applied to any substance which is of the nature or 

-appearance of soap. 
Saitwration. The act of Impregnating alBoid with another substance, till no 

more can be received or imbibed. A fluid which hoMs as much of any 

^aobsUnce as it can dissolve, is said to be saturated with that substance. 

A solid maT in the same way be saturated with a fluid. 
Sehatee. 9alts forced by the combination'Of any base with sebacic aaid. 
S^ndMetaL A name »nerly given to those metals, which, if exposed to 

the fire, are neither malteable, ductile, ilor fixed. It is a term not naed 

br modem chemists. 
SiUeeem Eatthe. A term used to describe a variety of natunil subatanees 

which are composed chiefiy of silex; as quarti,ilint, sand, kc. 
SSmpie Subttancee. Synonymous with Ekmenit / which see. 
SmelHng'. The operation of fusing ores fbr the purpose of separating the 

metals they contain, fVom the sulphur and arsenic with whioh they are 

mineralized, and also from other heterogeneourmatter. 
'-Mutton, The perfect union of a solid sufaatance with a fluid. Salu disaolr.^ 

ed in water are proper examples of s^ution. 
Spare. A name formerlygiven to various crystallized stones;, such as the 

fluor spar, the adamantine spar, &e. These natural substances are now 

distinguished by names ^hich denote the nature of each. 
SudacUtee, Certain coooi«tio|is of calcaifeons earth found suspended like id* 

eles in caverns. They are formed liy the ooxing of water through the 

ereviees, charged with this kind of earth. 
Steatites. A kind of stone composed of silex, iron, and magnesia. Also 

called French chslk, Spanish chalk, and soap-rock. 
Sub'SaUe. Salts with *4ess acid than itf'sufficient to neutralize their radicals. 
^uberatee. Salts formed by the combination of any base with the suberieaeid. 
Sublimation. A process whereby certain volatile substances are raised by 

heat, and again condensed by cold into a solid form. Flowers of sdtphar 

are made in this way. The soQt of our common fires is a familiar In* 

stance of this process. 
Succinatee Salts formed br&e contbination of any base with the succinic aeid 
Sulphates. Salts formed by the combination of any base with th^ sulphuric 

acid. 
Sulphites. Saltsformed byHhe combination of any base with the sulphurous 

acid. 
Suljthurestinil Sulphurets. Combbation of alkalies, or metals with sulphur. 
Sulphuretted. A substance is said to be sulphuretted when It is combined 

with sulphur. Thus we may say sulphuretted hydrogen, &c. 
Super^Satts. Salts with an excess of acid, as the su]^itartrate of potass. 
Synthesis. When a body is examined by dividing it into its component parts, 

it is called analysis ; but when we attempt to prove the nature of a sub> 

stance by the union of its principles, the operation is called synthesis. 

T. 

Tartrates, Salts formed by the combination of any base with the acid of tartar 
Temperature. The absolute quantity of free calorie*which is attached iMUij 
body occasions the dagrec of temperature of that body^ GoOqIc 
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Tut, Thnt part of a cupel which ia impregnated with litharge in the opera- 

- tion of refining lead. It is also the name of whatever is employed in cnexD- 
ical experiments to detect the several ingredients of any composition. 

Test-Papers. Papers impregnated with certain chemical re-agents ; such as 
litmus, turmeric, radish, &c. They are used to dip into fluids to ascertain 
by a change of colours the presence of acids and alkalies. 

Tkermometer. An instrument to show the relative heat of bodies. Fahren- 
heit's thermometer is that chiefly used in England. Other thermometers 
are used in different parts of Europe. 

Tinctures. Solutions ofsubstances in spiritous menstrua. 

Trituration. A chemical operation whereby substances are united by fric- 
tion. Amalgams are made by this method. 

Tubulated. Retorts which have a hole at the top for inserting the materials 
to be operated upon without taking them out of the sand heat, are called 
tubulated retortB. 

Tungstates. Salts formed by the combination of any base with tungstic acid. 

Vacuum. A space unoccupied by matter. The term is generally applied to 
the exhaustion of atmospheric air by chemical or philosophical means. 

Vapour. This term is usea by chemists to denote ^uch exhalations only as 
can be condensed and rendered liquid aeain at the ordinary atmospheric 
tertiperature, in opposition to those which 3Lrr* permanently elastic. 

Vital Air. Oxygen gas. The umpyrial or, fire-air of Scheele, and the dephlo- 
gisticated air of Priestly. 

Vitrification. When certain mixtures of solid substances, such as stlez and 
alkali, are* exposed to an intense beat, so as to be fused, and become glass 
they are then said to he vkrified, or to have undergone vitrification. ' 

Vitriols. A class ofsubstances, either earthy or metallic, which are combi- 
ned with the vitriolic acid. Thus there is vitriol of lime, vitriol of iron, 
vitriol of copper, Slc. These salts are now called Sulphates, because th« 
acid which forms them is called sulphuric acid. 

Vitriolated , Tartar. The old name for sulphate of potass. 

Volatife Alkali. Another name for ammonia. 

Volaiile Salts. The commercial name for carbonate of ammonia. 

Volatility. A property of some bodies which dis(>oses them to assume tbft 
gaseous state. This property seems to be owing to their afllniiy for caloric. 

Volume. A term made use of by modern chemists to express the space occu- 
pied by gaseous or other bodies, t 

u. 

Union, chemical. When a mere mixture of two or more substances is mada^ 
Ihey are said to be mechanically united ; but when each or either sub- 
Stance forms a component part of the product, tlie substances have form- 
ed a chemical union. 

w. 

Water. The most common of all fluids, composed of 85 parts of oxygen, 
and 15 pf hydrogen. 

— — mineral. Waters which are impregnated with mineral and other sab- 
stances are known by this appellation. These minerals are generally held 
in solution by carbopic, sulphuric, or muriatic acid. 

Way^ dry. A term used by chemical writers when treating of analysis or de- 
composition. By decomposing in the dry way, is meant, by the agency of 
fire. 

Way^ humid. A.term used in the same manner as the foregoing, but expres- 
sive of decomposition in a fluid state, or by means of vvater, and chemical 
reagents, or tests. 

Welding Heat. That degree of heat in which two pieces of iron or of plati- 
na may be united by hammering. 

Wolfram. An oth of tungsten containing also manganese and iron. 

Worm Tub. A clyemical vessel with a pewter worm fixed in the inside, and 
in .the iutermeiiiate ^ace filled with water. Its use is to cool liquors da- 

, xii^ distilUtion. 

Digitized byV^OOQlC 



384 BXPskinn&Nts. 

Wmi^'^9 apparatus. A contrivance rbj- distilling the mineral acids and other 
gaseous substances with little loss ; being a train of receivers with safety- 
pipeSf and connected together by tubes. 

z. 

Z(^re. An oxide of cobalt, mixed with a portion of silicioBS matter. It is 
^nported in this state from Saxony. 

Zero. The point from which the scale of a thermometer is graduated. Thus 
Celsius's and Reaumur's thermometers have their zero at the /reexing 
point, while the thermometer of Fahrenheit has its zero at that point at 
which it stands when immersed in a mixture of snow and common salt. 



LIST OF EXPERIMENTS. 

In making up the following list of experitnents, 1 have been care- 
ful in general to select such as can be mnde with safety to the jonng 
student ; where this is not the case the caution is mentioned. Most 
of them require but very simple apparatus. Where any ex peri- 
ineot illustrates the text, a reference is made to the page. Some 
of them are original, others are borrowed. I bare not, hofrever, 
deemed it necessary to cite authors. 

1. To show that heat is not absorbed, but reflected by polished 
metallic surfaces, hold a common new tin pan before the fire. The 
pan will remain cold. See p. 41. 

2. To show Ihe power of a black surface to absorb caloric, 
smoke or paint a black spot of the size of a dollar on the bottom of 
a tin pan, and hold it towards the fire. On touching this .spot, it 
will be found hot, while the parts around it remain cold. See p. 
46. 

3. To make the upper part of a vessel of water boil, while there 
is a cake of ice at the bottom. Into a glass tube put ivater enough 
to occupy two inches. Freeze this, soas not to burst the tube, with 
a freezing mixture, or by exposure to cold in winter. Then fill the 
tube nearly full of water, and wind a flannel cloth several times 
around the part containing the ice, so that the heat of the band will 
not melt it. Then hold the tube in an oblique direction over a 
lamp, so as Ao heat the water an inch or two above the ice. The 
water will soon begin to boil, and by raisins' the tube a yttle at a 
time, it will boil almost to the surface of tne ice, without melting^ 
it. See p- 62. 

4. To show that some of the metals conduct caloric better than 
others, procure wires of the same size and length, of gold, silver, 
copper, iron, zinc, tin. Sic, The wires may be 12 or 14 inches long. 
Coat one end of each with bees wax. and put the other ends into a 
vessel of hot water. The wax will meH first on the metal which ii 
the best conductor, and the comparative conducting powers are cal- 
culated by the difference of time between the melting of the wax 
on each. See p. 51. 

5. The conducting powers of difiereot substances in re^^ard toca- 
Jorie, may be much more sensibly elucidated, by touching in cold 
weafther, a metal-with one hand, and a piece of cork, wood, or cloth 
with the other. Here the «ensatton of coM, to the band which 
Ipudies the metjU, is owing io the power which alkmetah bftve of 
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coodttctini^ offbeat, more rapidly than any other class of substan- 
ces. See p. 49. 

^» To show that evaporation carries off caloric, moisten the bulb 
of a tbernioineter tube with eiher^ by means of a hair pencil. The. 
mercury immediately begins to fall, and if the process be continu- 
ed, may be brought down to the freezing point, even in warm 
weather. Whenever a fluid substance is converted into vapor, it 
absorbs a quantity of caloric. }n the present case, the eiher takes 
from the bulb of the thermometer, the caloric necessary to give it 
tbe elastic form. Therefore, every new application of the ether 
<?arries off successive portions of heat, and the mercury continues 
to sink, until the bulb oecomesso cold, as to absorb caloric from the 
surrounding air, faster than it is carried off by the evaporation. This 
is the reason why the mercury cannot be depressed below a certain 
point by evaporation. The ether, although it assumes the elastic 
form, does not receive the caloric necessary for this purpose from 
the thermometer, but from the surrounding air. See p. 73. 

7. To demonstrate that fluids boil at comparatively small degrees 
of heat, when the pressure of the atmosphere is taken off, about half 
fdl with water a small retort, or Florence flask (common oil flask,) 
and let it boil over a lamp. When the upper part is filled with steara 
lake it from the lamp, and instantly cork it air tight. If now it is 
put into cold water, it begins to boil violently. If taken out of the 
water, it stops boiling, and this may be done many times. This 
curious method of making water boil by the application of cold, is 
easily accounted for. When the flask is put into cold water^ the steam 
with which it was filled, is condensed and returns a^ain io water. 
This leaves a vacuumy in which water is converted mto steam, or 
boils, at a much lower temperature than in the open air. See p» 58. 

8. If the above experiment is made by means of a small retort, a 
very curious circumstance may be observed: When the water is 
cold, and consequently nearly a perfect vacuum is formed« if the re- 
tort is shaken, there is produced a sharp rattling noise, as thongh it 
contained shot, instead of wa.ter* so that one would suppose by the 
noise that the r§tprt would be broken into a thousand parts at ev- 
ery jp(tf)tion. This is owing to the weight with which the water falls 
upon the glass, when there is no air to impede its motion. See p. 64. 

9. Into^a^thin glass vessel poiir an ounce or two of water, and 
tb^ pour in <wo drams of sulphuric acid; the glass will instantly 
become too ho4 to b^hejd in the band. ThJ9 experiment elficidat^s 
the doctrine of late'pt beat* Qn mixing these two fluids, a chemic- 
al combination takes place between their particles, in consequence 
Qf which palpric is e^itracted at the oaine time their bulk is dimin- 
ished. T^s ^Iso illustrates Pr« Black's laur^ that when substances 
p^ss from a rar/sr to a denser state, caloric is g[i?en out. If one 
measure of sulphuric acid, and one of water, be mixed togetber, the 
mixtnre will not again $11 ib^ measure twice* See p. 77. 

|0. To procure nilrogm^ take a bell elass or larger tumbler. an4 
invert jt over a jsbort tapcr^ set in ;i sbaQow dish ofwater. The ta- 
per burns until it absorbs iXX the oxygen contained ii the air under 
the bell glass. What remains is nitrog^en* If now, a lighted taper 
be put under Ibe beU g;la98, it will be instantly extiaguisbed, show- 
M)g tbe absolute neCfsssity of oxygen for the support of combustion^ 
See p. 100. 

u. XbefbrmatJQpofiraterbjrtbe bumiogef hydrogen, maj W 
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shown thus : Take a Florence flask and ponr into it half a pint of 
water, then put io about an ounce of gfranulated zinc, or the same 
quantity of iron filings, and then pour in half an ounce by measure 
pf sulphunc acid. Have ready a cork, pierced with a burning iron, 
and the stem of a tobacco pipe passed through the aperture. After 
putting in the acid, put the cork in its place, and fix the flaisk up- 
right by setting it in a bowl, surrounded by a cloth to make it stand 
up and prevent its breaking. As the hydrogen is formed, it issues 
through the stem of the tobacco pipe, at the end of which jt is to be 
fixed. If now a glass tube two or three feet long, and an inch or 
two wide be passed on to the stem so as ib include the flame within 
its bore, the tube, in a few moments will be covered on the inside, 
with moisture. See p. 109. 

If the orifice of the tube is quite small at the end where tlie gas is 
fired, the above experiment serves to produce the musical tones. — 
See p. 118. 

12. An exhibition of ^as light my be made as follows : 'Into the 
bowl of a common tabacco pipe put a piece ofmineral^ or what is 
called sea-coal, and cover the coal closely with clay. When the 
clay is dry, place the bowl in the fire and heat it slowly. In a few 
•minutes the gas, called carburrcltcd hydrogen will issue from the 
end of the pipe stem ; set fire to it with a candle, and it wilt bum 
with a beautiful bright flame. This is the gas with which the streets, 
factories, kc, are lighted io many of theEuropean cities. 

In the absence of mineral coal, a walnut, small piece of pine 
knot,.or butternut meat, &;c. may take the place of coal. See p. 120. 

13. The following gives an example of the manner in which sul- 
phuric acid is formed. 

Mix with a small quantity of the flowers of sulphur, about one 
fifth part of finely pulverized nitre. Make a stand by hollowing 
with a hammer a large button, and attaching wire to the eye, for 
feet, so that the button will be two inches high ; or, by any other 
means, place the sulphur and nitre about this height in a shallow 
dish, containing an mch or two of water. Set fire to the mixture 
with a hot iron, and immediately invert over it a bell glass, or large 
tumbler. The sulphur as it burns, absorbs oxygen from the air 
contained under the bell glass, in a proportion which would const!* 
tute sulphurous acid. At the same time, the heat which this pro- 
cess occasions, compels the nitre to give out another proportion 
of oxygen, which is absorbed by the sulphurous acid, and this addi- 
tional quantity of oxygen, constitutes sulphuric acid. See p. 130. 

14. Take three parts of nitre, two of potash, aodoneofsnlpbnr, 
and mix them intimately, by rubbing in a mortar. This compound 
is cdled/t(/mtna/t9ig potcder. On placing a little of it en a shorel 
orer a hot fire, it explodes with great violence, and with a pecnlinrij 
stunning report. 

The comnustion of phosphuretted hjfdrogen in oxygen gas, nf- 
fords one of the most striking and beautiful among chemical exper* 
iments. It is done as follows ; Take some phosphuret of lime, wrap 
it in a paper and push it under a ressel, as a wide mouthed ml, fiUad 
with water, and mrerted on the shelf of the water bath. As soon at 
the water penetrates through the paper so as to wet the pbosphni^t of 
lime, bubbles of phosphuretted hydrogen, begin to rise up throa^ ' 
the water. While this is going on, ml a strong glass Tcssel^ a« a 
tumbler, or a piece of thick glais tube stopped at onftend, with os-- 
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f«ii ns. lorert tbis also on the shelf of the water bath. When 
the pbospburetted hydrogen is coHected, take the ressel containing 
. it in one hand, and that containiDg the ozjgen in the other ; bring 
the month of the former, by sinking it deeper in the water, under 
the edge of the latter yessel, then by carenilly depressing the bot- 
tom of the yessel containing the pbospburetted hydrogen, let up « 
bubble at a time into the oxygen gas. If this experiment is madt 
in a darkened room, the flashes of light appear astonishingly riwid 
and beautiful. See p. 136. 

16. Take six or eight grains of oxy^muriate ofpoiathf put it into 
a mortar and drop in with it about a grain of solid phosphorus, cut 
into two or three parts ; then rub them together with the pestle.—- 
Very yiolent detonations are produced by these small quantitiet. 
It is best, therefore, not to use more than is here mentioned at a 
time. The hand, holding the pestle, ought always to be protected 
with a glove or handkerchief. 

17. To make liquid phosphorus, take an ounce vial and half fill it 
with olive oil, put into the oil a piece of phosphorus of the size of a 
pea ; gradually heat the bottom of the vial, until the phosphorus it 
melted, taking care to keep the thumb on the mouth ; then cork it 
air tight. If this vial is first shaken, and then the cork be taken 
out, it becomes luminous, first near the mouth, and gradually down 
to the oil, at the bottom. The light which a bottle prepared in this 
way gives, particularly if warmed, by holding it in the hand, is suffi- 
cient to tell the hour of night by a watch. This luminous appear- 
ance, when the cork is removed, is owing to the union of the oxy- 
gen of the atmosphere with the phosphorus. It is slow combustioB, 
attended with light, and most probaoly with some heat. 

18. If drawings be made on silk with a solution of nitrate of sil- 
rer, and the silk first moistened, is exposed to a stream of hydrogen 
1^, or in any other way exposed to the action of this gas, the metal 
18 instantly revived, and the silk is covered with figures of silver. — 
See p. 155. 

19. If a few drops of a solution of nitrate of silver in water, be 
placed on a bright surface of copper, the silver is revived, and inves 
the copper a brilliant white coat of that metal. This is explained 
on the principle of affinity. The copper has a strone^er attraction 
for the acid which composes a part of the nitrate of silver, than the 
silver itself has. Therefore it attracts the acid from the silver, in 
consequence of which this is received, and at the same time preci- 
pitated on the copper. See p. 155. 

80. Take a little of the white arsenic of the shops, and mix it with 
some finely ground charcoal ; put the mixture into a small glass 
tube closed at one end, and expose the part where the mixture is to 
a moderate degree of heat gradually raised ; the arsenic will be re- 
ceived, and will attach itself to the upper part of the tube, giving it 
a brilliant metallic coat like quick silver. The arsenic may be 
preserved in this state by stopping up the tube. See p. 155. 

21. Dissolve a tea-spoonful of sugar of lead in a quart of rain 
water. Put this into a decanter, or white glass bottle, and suspend 
in it by means of a string a piece of zinc. The zinc decomposes 
the acetate of lead by depriving it of its oxyjg^en ; the consequence 
is, that the lead is precipitated in the metalhc state, on and around 
the zinc, and forms a brilliant tree of metal. 

22. Pour a solution of nitrate of silver into a glaii yetieli and im' 
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merse a few slips of copper in it. In a ^tt time, a portion of cap* 
per will be dissolved, and all the sityer precipitated in a metallic 
rorpi. If the solutioa whibh now contains copper be decanted into 
another glass, aod pieces of iron added to it, tbis metal will then ba 
dissolved, and the copper precipitated, yielding a striking instance 
of peculiar affinities. See p^ 176. 

23. Ivory may be coated with silver by the following process : 
Make a strong solution of nitrate of silver io pure water ; into this, 
immerse a piece of ivory until it turns yellow ; then take it out aifid 
immediately plnnge it into a vessel of distilled water exposed to the 
direct rays of the sun until it turns black. On rubbing it gently 4t 
will appear covered with a brilliant coat of silver, resembling a bar 
of that metal. This curious effect is owing to the solar light wMoh 
decomposes the nitrate of silver, by taking the oxygen from it, 
which flies off in the form of oxygen gas. 

24. Through a vessel of lime water, recently made, pass bubbUn 
of carbonic acid gas by means of a bladder and tube, the lime water 
instantly becomes white and turbid, and finally deposits a qoamtity 
of carbonate of lime in the form of powdered chalk. If now the wat«r 
be evaporated, a white powder remains which effervesces witii 
acids. If this powder is put into a retort, and sulphuric acid diluted 
with water, is poured upon it, the beak of the retort being under & 
vessel filled with water, the carbonic acid is again obtained, and the 
salt remaining in the retort will be sulphate of lime or gypsum. 

25. Mix one part of nitric acid with 6 or 6 parts of water in a vial ; 
into this put some copper filings, and in a few moments pour off the 
liquid ; it will be colourless. If now there b^ added some liquid 
ammonia, another colourless fluid, the mixture becomes of an in- 
tense and beautiful bltie. Hence ammonia is a most delicate test 
for the presence of copper, with which it strikes a deep blue co- 
lour. See p. 187. 

26. Put into a vial of pure water a f6w drops of the tincture of nttt 
galls, made by steeping the galls in water ; into another vial of purtt 
water put a grain or two of the sulphate of iron. If these colour- 
less fluids are mixed, they instantly become black. Tincture of ^bBs 
is a most delicate test for the presence of iron, with which it strikes 
a black. These two substances form the basis of ink. See p. 187. 

27. Take two small glass jars, or tumblers, and fill one with tar- 
bonic acid gas ^ and the other with oxygen gas. Have thein cet up- 
right with a cover on each. If a lighted taper be plunged into the 
vessel containing the carbonic acid, it is extinguished instantly; hat 
if it is immediately plunged into the other jar containing the oxy- 
gen, it is as instantly lighted with a sort of explosion. See p. 5B86. 

28. Put eight or ten grains of oxy-muriate of potash into a tea-cup, 
and then pour in two or three drachms of alcohol. — If now about two 
drachms of sulphuric acid is added, the mixture begins to dart foi^ 
little balls of blue fire, and in a minute or two, the whole barstt 
into flame. The alcohol is inflamed' by the chlorine which is^tet 
f)ree from the salt, in consequence of the combination which takes 
place between the potash and the sulphuric acid. See p. 236. 

29. into a glass tube half an inch or an inch wide, two or three 
inches long, with a bulb at the end, put a grain or two of iodine. 
Warm the tube, (but not at that part where the iodine is,) and^ioi- 
mediately cork it tight ; the tube remains colourless, there bein^ 
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only a few little specks here and there. If at any time the tube be 
warmed at that part where the iodine is^ it is instantly filled with a 
gas of a most beautiful violet colour. If care is taken to keep the 
tube well closed, so that the iodine does not escape, when it takes 
the form of gas, this effect will always be produced whenever the 
tube is warmed. A tube with two bulbs, like what is called iipulu 
glatSf containing the iodine hermetically sealed, would be better. — 
Such a little apparatus would be quite a curiosity to those who 
know nothing of the nature of iodine. See p. 238. 

30. Write on paper with a solution of the nilrat of silver, taking 
care not to have it so strong as to destroy the paper. So long as it 
is kept in the dark, or if the paper be closely folded, the writing re- 
mains invisible ; but on exposure to the rays of the sun the charac- 
ters turn yellow, and finally black, so that they are perfectly legible. 

Mr. Accum says, that tnis change of color is owing to the par- 
tial reduction of the oxide of silver, from the light expelling a por- 
tion of its oxygen ; the oxide therefore approaches to the metallic 
state ; for when the blackness is examined with a deep, or powerful 
magnifier, the particles of metal may be distinctly seen. 

31. Write on paper with a dilute- solution of common sugar of 
lead ; the writing will remain invisible. But on moistening the lines 
with a pencil, or feather dipped in water impregnated with sulphu- 
retted hi^drogen, the metal is revived, and the letters appear in me- 
tallic brilliancy. 

The author above cited, says, that in this instance, the hydrogen 
of the sulphuretted hydrogen gas, abstracts the oxygen from the ox- 
. ide of lead, and causes it to re-approach to the metallic state ; at the 
same time, the sulpbui: of the sulphuretted hydrogen gas combines 
with the metal thus regenerated, and converts it into a sulphuret 
which exhibits the metallic color. 

32. Write on^aper with a solution of the sulphate of copper. If 
this is strong, the writing will be of a faint green color ; if weak, 
the characters are invisible. On holding the paper over a vessel 
containing some liquid of ammonia, or if it be exposed to the action 
of this gas in any other way, the writing assumes a beautiful blue 
■color. On exposing the paper to the sun, the color disappears, be- 
cause the ammonia evaporates. 

33. Put a small piece of phosphorus into a crucible, cover it close- 
\j with common chalk, so as to fill the crucible. Let another cru- 
cible be inverted upon it, and both subjected to the fire. When the 
whole has become perfectly red-hot, remove them from the fire, and 
when cold, the carbonic acid of the chalk will have been decompos- 
ed, and the Black Charcoal, the basis of the acid, may be easily 
perceived amongst the materials. 

34. Into a large glass jar inverted upon a flat brick tile, and con- 
taining near its top a branch of fresh rosemary, or any other such 
shrub, moistened with water, introduce a flat, thick piece of heated 
iron, on which place some gum benzoin in gross powder. The ben- 
zoic acid, in consec^uence of the heat, will be separated, and ascend 
in white fumes, which will at length condense, and form a most 
»>eautiful appearance upon the leaves of the vegetable. This will 
serve as an example of Sublimation. 

35* Mix a little acetate of lead with an equal portion of sulphate 
of zinc, both in fine powder ; stir them together with a piece of 
glass or wood, and no chemical change will be perceptible ; bat if 

Digitized by "LjOOQ IC 



340 sxpasnoEim. 

thej be rubbed tog'etber in a mortar, tbe two solids will operate on 
each other; an intimate union will take place, and a fluid will be 
produced. If alum or Glauber salt be used instead of sulphate of 
.zinc, theexperiment will be equally successful. 

36. If tbe leaves of a plant, fresh gatliered, be placed in the sun, 
Tprf pure oxygen ffas may be collected. 

37. Put a little fresh calcined magnesia in a tea-cup upon the 
hearth, and suddenly pour over it as much concentrated sulphuric 
acid as will cover the ma^esia. In an instant sparks will be tnrowD 
out, and the mixture will become completely ignited. 

28. If a few pounds of a mixture of iron filings and sulphur be 
made in paste with water, and buried in the ground for a few hours, 
the water will be decomposed with so much rapidity, that combus- 
tion and flame will be the consequence. 

39. For want of a proper glass vessel, a table spoonfull of ether 
may be put into a moistened bladder, and the neck of the bladder 
closely tied. If hot water be then poured upon it, the ether will 
expand, and the bladder become inflated. 

40. Procure a phial with a glass stopper accurately ground: into 
it ; introduce a few copper filingfs, then entirely fill it with liquid am- 
monia, and stop the phial so as to exclude all atmospheric air. If left 
in this state, no solution of the copper will be effected. But if tba 
bottle be afterwards left open for some time, and then stopped, the 
metal will dissolve, and the solution will be colorless. Let the stop- 
per be now taken out, and the fluid will become blue, beginning at 
the surface, and spreading gradually through the whole. If this blue 
solution has not been too long exposed to tbe air, and fresh copper 
filings be put in, again stopping the bottle, the fluid will once more 
be deprived of its color, which it will recover only by the re-ad- 
mission of air. These effects may thus be repeatedly produced. 

41. If a spoonful of good alcohol and a little boracic acid be stir- 
red together in a tea-cup, and the^ set on fire, they will produce a 
beautS'ul green flame. 

42. Alloy a piece of silver with a portion of lead, place the alloy 

Xn a piece of charcoal, attach a blow-pipe to a gasometer, charge- 
nth oxygen gas, light the charcoal first with a bit of paper, and 
keep up the heat by pressing upon the machine. When the metals 
get mto complete fusion, the lead will begin to burn, and very soon 
will be all dissipated in a white smoke, leaving the silver in a state 
of purity. This experiment is designed to show the fiixity of the no* 
ble metals. 

43. Burn a piece of iron wire in a deflagrating jar of oxyg;en gas^ 
and suffer it to burn till it goes out of itself. If a lighted wax taper 
be now let down into the gas, this will burn in it for some time, and 
then become extinguished. If ignited sulphur be now introduced, 
this will also burn for a limited time. Lastlj], introduce a morsel of 
phosphorus, and combustion will also follow in like manner. These 
experiments show the relative combustibility of different substances. 

44. Drop a piece of phosphorus, about the size of a pea, into m 
tumbler of hot water, and from a bladder, furnished with a stop cock, 
force a stream of oxygen gas directly upon it. This will afiord the 
most brilliant combustion under water that can be imagined. 

45. Take an amalgam of lead and mercury, and another ama^m 
of bismuth, let these two solid amalgams be mixed by triture^ anci 
they will instantly become fluid. 
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46. Into diitilled water drop ti little spiritoos solution of soap, no 
chemical effect will be perceived ; but if some of the same solutipn 
be added to hard-water, a milkioess will immediately be produced, 
more or less, according to tbe degree of its impurity. This is a good 
method of ascertaining the purity of spring water. 

47. To silver copper or brass.— Clean the article intended to be 
silvered, by means of dilute nitric acid, or by scouring it with a 
mixture of common salt and alum. When it is perfectly bright, 
moisten a little of the powder, known in commerce by the name of 
silvering powder, with water, and rub it for some time on the per- 
fectly clean surface of copper^ or brass, which will become covered 
with a coat of metallic silver. It may afterwards be polisl^ed with 
soft leather. 

, The silvering powder is prepared in the following manner : Dis- 
solve some silver in nitric acid, and putpiecesof copper into the so- 
lution ; this will throw down the silver in a state of metallic powder. 
Take fiAeen or twenty grains of this powder, and mix witn-it two 
drachms of acidulous tartarite of potash, the same quantity of com- 
mon salt, and half a drachm of alum. Another method : Precipi- 
tate silver from its solution in nitric acid by cooper, as before ; to 
half an Ounce of this silver, add common salt and muriate of ammo- 
nia, of each two ounces, and one drachm of corrosive sublimate ; 
rub them together, and make them into a paste with water. With 
this, copper utensils intended to be silvered, that have been pre- 
viously boiled with acidulous tartarite of potash and alum, are to be 
rubbed ; after which they are to be made red-hot, and polished. 

48. To prove that the air of the atmosphere always contains car- 
bonic acid. This may be shewn by simply pouring any quantity of 
barytic water, or lime water, repeatedly from one vessel into an- 
other. The barytic water when deprived of the contact of air, is 
perfectly transparent ; but it instantly becomes milky, and a white 
precipitate, which is carbonate of barytes, is deposited, when 
brought into contact with it for a few minutes only. 

The quantity of carbonic acid contained in the atn^osphere, sel- 
dom vaxiM, except in the immediate vicinity of places where respi- 
ration and combustion are going on in the large way^ and is about 
one hundredth part. 
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Atmospherical air, 95 



Borat of soda, 227 
Brandy, 261 
Brsiss, 162 
Bread, 244 
Bricks, 197 
Brittle metals, 20 
Bronze, 162 
Butter, 318 
Batter-milk, 318 
C 
Calcareous earths, 224 

stones, 223 
Calcium, 20 
Caloric, 29 

absorption of, 46 

conductors of, 48 

combined, 69 

expansive power of, 30, 
31 

equilibrium of, 39 

reflection o^ 46 

radiation of, 40, 43 

solvent power of, 59 

capacity for, 70 
Calorimeter, 83 
Calx, 102 



Attraction of aggregation, or co- Camphor, 240 

hesion, 21, 171 ^ Camphoric acid, 204, 253 

Attraction of composition, 23, Caoutchouc, 240, 249 



171 

Asote, or nitrogen, 214 
Azotic gas, 95 

B 
Balsams, 249 
Balloons, 122 
Bark, 282 
Barytes, 192, 197 
Basis of acids. 264 
gases, 30 
salts, 172 
Beer, ^168 . . 

Benzoic acid, 204, 2Sa 
BUe,303 
Birds, 297 
Bismuth, 20 
.Bitvmens, 270 
Black lead, or pfaunbagOi 146 
Bleaching, 210 
Bkiir.pipe,140,163 



Carbonats, 226 
Carbonat of ammonia, 290 

lead, 150 

lime^l99 

magnesia, 201 

potash, 184 
Carbonated hydrogen gas, 144 
Carbon, 137 
Carbonic acid, 142 
Carburet of iron, 145 
Carmine, 294 
Cartaage,297 
Castor, 321 

Cellular membrane, 900- 
Caustics, 164 
Chalk, 199,226^ 
Charcoal, 137 
Cheese, 320 
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Chest, 304 

China, 197 

Chlorine, 18 

Chrome, 20 

Chyle, 298 

Chyme, 303 , 

Citric acid, 204,253 

Circulation of the hloodi 205i 

Civet, 321 

Clay, 38 

Coke, 270 

Coal, 270 

Cobalt, 20 

Cochineal, 274 

Cold, 40 

from eraporation, 80 
Colours of metallic ozyds, 151 
Columbium, 20 
Combined caloric, 69 
Combustion, 99 

yolatile products of, 107 

fixed products of, 107 

of alcohol,, 2^3 

of ammoniacal gas, 188 

of boracium, 227 

by oxy-muriatic acid, or 
chlorine, 231 

of carbon, 140 

of coals, 119, 145 

of charcoal, by nitric acid, 
215 

of candles, 118, 147 

of diamonds, 140 

of ether, 266 
• of hydrogen, 109, 116 * 

of iron, 105 

of metals, 152 

of oils, 147 

of oil of turpentine by ni- 
trous acid, 215 

of phosphorus, 133 

of sulphur, 128 

of potassium, 168 • 
Compound bodies, 17 

or neutral salts, 182 
Conductors of heat. 48 

solids, 50 

fluids, 51 

Count Rumford't theory, 
51 
Constitiient parts, 17 
Copper, 20, 165 
C(4»1,S49 
CortiMl layers, 288 
€otyMoii»or lQbe>87a 



Cream, 318 

Cream of tartar, or tartrit of pot- 
ash, 263 
Cryophorus, 82 
Crystallization, 159 
Cucurbit, 127 
Culinary heat, 65 
Curd, 319 

Cuticle, or epidermis, 300 
Cyanogen, 293 

D 
Decomposition, 16 

of atmospherical air, 98. 

100 
of water, by the Voltaic 

battery, 112 
of salte by the Y dtaic bat^ 

tcry, 179 
of water by metab, 113 
by carbon, 144 
of vegetables, 254 
of potash, 168 
of ^oda, 169 
of ammonia, 169 
of the boracic acid, 227 
of the fluoric acid, 228 
of the muriatic acid, ftS9 
Deflagration, 221 , 
Definite proportions, 177 
Deliquescence, 211 
Detonation, 115, 123 
Dew, 62 
Diamond, 138 
Diaphragm, 304 
Digestion, 302 

Dissolution of metals, 87, 157 
Distillation, 127, 208 

of red wine, 261 
Divellent forces, 176 
Division, 16 ' 
Drying oils, 246 
Dyeing, 250 

£ 
Earths, 181 
Karthen-ware, 197 
Effervescence, 157 
Efflorescence, 211 
Elastic fluids, 31 
Electricity, 86, 90, 92 
Electric machine, 88 
Electoimagnetism, 94 
Elective attraction, 174 
Elementary bodiet, 17 
Elixirs, tinotaras, or qmintMoeft* 
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Enamel, 197 

Epidermis of vegetables, 282 

of animals, 300 
Epsom salts, 201 
Equilibrium ofoalorio, 39 
Essences, 147, 247 
Essential or volatile oils, 147, 

247 
Ether, 65, 265 
Evaporation, 6 1 
Evergreens, 286 ' 
Eudiometer, 134 
Expansion of caloric, 30 
Extractive colouring matter, 250 

F 
Falling stones, 161 
Fat, 318 
Feathers, 296 
Fecula, 244 
Fermentation, 356 
Fibrine, 287, 292 
Fire, 16, 26 
Fish, 316 



Fixed air, or canonic acid, 140, Heart, 305 



Gelatine, or jelly, 287 28$ 

Germination, 277 

Gin, 262 

Glands, 295, 299 

Glass, 185 

Glauber's salts, orsulpbatof soda, 

184 
Glazing, 197 
Glucium, 19 
Glue, 189 
Gluten, 244 
Gold, 20, 160 
Gum, 242 

arabic, 242 

elastic, or caontchouc, 249 

resins, 249 
Gunpowder, 221 

Gypsum, or Piaster of Paris, or 
sulphatoflime,212 
H 
Hair, 299 

Harrogate water, 132 
Hartshorn, 188, 190 



233 

alkalies, 121 

oils, 146, 245 

products of combustion, 
106 
Flame, 119 
FUnt, 185, 195 
Flower of blossom, 284 
Fluoric acid, 228 
Fluorium, or Fluorine, 28, 229 
Formic acid, 292 
Fossil wood, 271 
Frankincense, 249 
Free or radiant calorie, or heat 

of temperature^ 29 
Freezing mixtures, 77 

bj evaporation, 65, 80 
Frost, 62 
Fruit, 285 
Fuller's earth, 196 
Furnace, 145, 150 

6 
Galls, 253 
Crallatofiron, 218 
Gallic acid, 21^ 253 
Galvanism, M 
Gas, 95 
Gas-lighti, 120 
Q9MOJU oxyd of tfarboo^ aitPO- 

Gastric juice, 302 



wood, 283 
Heat, 26 

of capacity, 71, 74 

of temperature, 29 
Honey, 244 
Horns, 289 

Hydro- carbonat, 124, 145 
Hydrogen, 109 

gas, 110 

iScJ 
Jasper, 195 
Ice, 83 
JeUy, 289 
Jet, 270 
Igoes fatni, 135 
Ignition, 68 

Imponderable agients. It 
Inflammable air, 109 
Ink, 213 
Insects, 254 
Integrant parts, 17 
Iodine, 109, 237 
Iridium, 20 
Iron, 20, 150, 161 
Isinglass, 289 
Ivory black, 294 

K 
Kali, 187 
Koumiss, 320 

Lac, 321 ^ I 
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Lactic acid, 292, 320 
Lakes, coloun, 250 
Lamp without flamey 107) 322 
Latent heat, 73 
Layender water, 263 
Lead, 20, 151, 166 
Leather, 251, 291 
Leares, 280 ' 
Life, 239 
Ligamenti, 296 
Light, 18 
Lightniog, 215 
Lime, 198 

water, 199 
Limestone, 198 
Linseed oil, 246 
Liqueurs, 263 
liirer, 299 
Lobes, 278, 300 
Lunar caustic, or nitrat of savor* 

164,222 
Lungs, 307, 309 
Lymph, 298 
Lymphatic vessels, 293 

M 
Magnetic needle, 94 
Magnesia, 201 
Magnium, 19 
MaUc acid, 204, 253 
Malt,S58 

Malleable metals, 20 
Manganese, 20, 150 
Manna, 241 
Manure, 274 
Marble, 226 
Marine acid, or muriatic acid, 

229 
Mastic, 249, 263 
Materials of animaJs, 287 

of vegetables, 239 
Mercury, 20, 162 

new mode of fretzing, 83, 
163 
Metallic acids, 160 

oxyds, 150 
Metals. 149 
Meteoric stones, 161 
Mica, 201 
Milk, 288, 299 
Minerals, 150 
Mineral waters, 143 

acids, 203 
Miners' lamp, 126 
Mixture, 60 
Blolybdena, 20> 160 



Mordant 250 
Mortar, 201 
Mucilage, 241 
Mucous acid, 204, 241 

membrane, 300 
Muriatic acid, or marine acid, 

229 
Muriats, 234 
Muriat of ammonia, 188, 237 

lime, 78 

soda, or common salt, 187, 
234 

potash, 235 
Muriatum, 19 
Muscles of animals, 296 
Musk, 321 
Myrrh, 249 

N 
Naphtha, 270 

Megative electricity, •fii ^ oa 
serves, 299 

Neutral, or compound salts, 202 
Nickel, 20, 161 

Nitre, or nitrat of potash, or salt- 
petre, 215, 224 
Nitric acid, 214 
Nitrogen, or azote, 96 

gas, 96 
Nitro-muriatic acid, or aqua re- 

gia, 160 
Nitrous acid gas, 217 

air, or nitric oxyd g^, 218 
Nitrats, 221 
Nitrat of copper, 165 

ammonia, 219, 221 

potash, or nitre, or salt* 
petre, 215 

silver, or lunar caustic, 

' 222 
Nomenclature of acids, 202 

compound salts, 172 
Nomenclature of other binary 

compounds, 135 
Nut-gaUs, 213 
Nut-oil, 245 
Nutrition, 295 
O 
Ochres, 151 
Oils, •146, 247 
Oil of amber, 271 

vitriol, or tulphurio acid, 
206 
Olive-oil, 245 
Ores, 150 
Organized bodies, 929 i 
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Oiill^ans of animals, 299 

regetables, 239 
Osmium, 20, 163 
Oxalic acid, 204, 253 
Oxyds, 102, 157 
Ozyd of manganese, 105 

iron, 102 

lead, 151 

sulphur, 201 
Oxydation, or oxygeoation, 157 
Oxygen, 18, 129 

gas, or vital air, 95 
Oxy-muriatic acid, 230 
Oxy-muria(s, 235 
Oxy*muriat of potash, 235 

P 
Palladium, 20, 163 
Papin's digester, 290 
Parenchyma, 277, 283 
Particles* 21 
Pearl-ash, 185 
Peat, 271 

Peculiar juice of plants, 283 
Perfect metals, 20, 153 
Perfumes, 247 
Perspiration, 310 
Petrifaction, 269 
Pewter, 162 
Pharmacy, 14 
Phosphat of lime, 213 
Phosphorated hydrogen gas, 135 
Phosphorescence, 28 
Phosphoric acid, 213 
Phosphorus, 132 

acid, 213 
Phosphuret of lime, 135 

sulphur, 136 
Pitch, 248 
Plaster, 201 
Platina,20, 153 
Platina ignited by a lamp with- 
out a flame, 322 
Plating, 162 

Plumbago, or black lead, 161 
Plumula, 278 
Porcelain, 197 

Positive electricity, 25, 84, 88 
Potassium, 168 
Pottery, 197 . 

Potash, 182 
Precipitate, 24 
Pressure of the atmosphere, 67, 

68 
Printers' Ink, 232 



Prussiat of iron, or Pnuaan blae, 

294 

potash, 293 
Prussic acid, 293 
Putrid fermentation, 268,321 
Pyrites, 212, 161 
Pyrometer, 32 

Q • 

Quicklime, 198 

Quiescent forces, 176 

R 
Radiation of caloric, 89 
• , *Prevost's theory, 40 

Pictet's explanations, 4 

Leslie's illustrations, 44 
Radicals, 202, 206 
Radicle, or root, 278 
. llaio, 62 
Rancidity, 246 
RectificatioB, 2dZ 
Reflection of caloric, 40, 44 
Reptiles, 317 
Resins, 248 
Respiration, 300, 303 
Reviving of metals, 156 
Rhodium, 20, 163 
Roasting metals, 150 
Rock crystal, 195 
Ruby, 193 
Rum, 261 
Rust, 150, 155 
S 
Saccharine fermentation, 257 
Sal ammoniac, or muriat of am* 
monia, 188 

polychrest, or sniphat of 
potash, 210 

volatile, or carbonat of am- 
monia, 190 
Salifiable basis, 172 
Salifying principles, 172 
Saltpetre, or nitre, or nitrat of 

potash, 220 
Salt, 210 
Sand, 195 
Sandstone, 195 
Sap of plants, 257, 241, 281 
Sapphire, 193 
Saturation, 60 
Seas, temperature o£, 54 
Sebacic acid, 246 
Secretions, 292 
Seeds of plants, 258, 285 
Seltzer water, 143, 200 
Senses, 300 

Digitized by LjOOQIC 



HfDEX. 



•47 



Silex, or silica, 195, 191 

Siliciam, 19 

Silk, 321 

Silver, 153 

Simple bodies, 18 

Size, 289 

Skin, 288 

Slackiogf of lime, 300 

Slate, 196 

SmeltiDg metals, 150 

Smoke, 107 . 

Soap, 183 

Soda, 187, 169 

water, 143 
Sodiaip, 19, 169 
Soils, 273 
Soldering, 162 
Solubility, 21 1 
Solution, 58 

by the air, 61 
of potash, 185 
Specific heat, 70 
Spermaceti, 320 
Spirits, 261 
Spirit lamp, 364 
Starch-sugar, 242 
Steam, 68, 76 
Steel, 146 
Stomach, 302 
Stones, 193 
Stucco, 20t 
Strontites, 201 
Strontium, 19 
Suberic acid, 204, 253 
Sublimation, 127 
Succin, or yellow amber, 271 
Succinic acid, 204, 253 
Sugar, 240, 259 

, of milk, 319 
Sulpbats, 211 
Super-oxygenated sulphuric 

acid, 202 
Sulphatofalumine,oralum, 196, 
212 

barytes, 198 

iron, 212 

lime, or gypsum, or plaster 

of Paris, 212 
magnesia, or Epsom salt, 

201, 212 
potash, or salt polycbrest, 

210 
soda, or Glauber^ nits, 
21 
Sulphur, 126 



Sulphur, flowers of, 127 
Salpburiated hydrogen gas, 131 
Salphurets, 160 
Sulphureous acid, 130, 208 
Sulphuric acid, 207 
Sympathetic ink, 165 
Sjnthesit, 138 

T 
Tan, 251 
Tannin, 251 
Tar, 248 

Tartarous acid, 253 
.Tartrit of potash, 254 
Teeth, 296 
Tellurium, 20 
Temperature, 29 
Thaw, 85 

Thermometers, 34, 35 
Fahrenheit's 34 
Reaumer!s, 34 
Centrigrade, 34 
air, 35 

differential, 36 
Thunder, 123 
Tin, 20 

Titanium, 20, 163 
Turf, 270 
Turpentine, 173 
Transpiration of plants, 279 
Tungsten, 20, 160 
V 
Vapour, 68, 76, 266 
Vaporisation, 61 
Varnishes, 249 
Vegetables, 238 
Vegetablejacid, 240, 148 
colors, 250 
heat, 285 
oils, 244 
Veins, 301, 306 
Venous blood, 306, 308 
Ventricles, 307 
Verdigris, 165 
Vessels, 298 
Vinegar, 267 
Vinous fermentation, 258 
Vital air, or oxygen jfis, 96 
Vitriol, or sulphat of iron, 206 
Volatile oils, 240, 244, 247 

products of comboftioD, 

106 
alkali, 181, 188 
Voltaic batieiy, 86, 149, 15S, 106, 
179 

U 
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W Wood,S8S 

Water, 109, 1 13 Woody fibit, f40, tSS 
decompoiition of, by dec* Wool, 296 

tricity, 113 Y 

condensation of^ 64 Yeait,267 

of the lea, 54 Yttria, 199 

boiling, 58 Yttrinm, 19 
Bolntion by, 58 Z 

of crystalliiatioD, 159 Zino, 19 

Wax, 320, 245 Zicomia, 192 

Wbey, 318 Zinoorninm, 19 

Wine, 258 Zoonk acid, 204, 292. 
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